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(POTASSIUM PARA AMINOSALICYLATE) 


BETTER TOLERATED 


PASkalium largely avoids the 
common gastrointestinal upsets 
which limit the usefulness of 
para-aminosalicylic acid as well as 
its sodium and calcium salts 
Patients with positive histories of 
intolerance to all previous PAS. 
therapy readily tolerate full 
therapeutic dosage of PASkalium 


in most instances. ! 
A HIGHER P.A.S. PLASMA LEVELS 
BETTER PASkalium is the most soluble 
P.A.S. salt known. Absorption is 
rapid and excretion predictable 
FORM Twelve grams daily produce and 
maintain blood levels comparable 
OF to those obtained with 17 grams 
of sodium P.A.S. and (theoretically ) 
Pp. AS. 30 grams of P.A.S. Acid.* 
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and Pulmon, Dis, 71.220 (Feb) 1955 


TREATING 2. Cohen, R. V., Molthan, L., and 


Zarafonetia, C. J. Clinical Studios of Various 
Forms of PAS (with special reference to plasma 


concentrations), Read before the American 
Trudeau Society, Annual Meeting, Milwaukee, 


Wisconsin, May 23-27, 1955 
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Major advances in high-speed 
photofluorography offered by 
new FAIRCHILD—ODELCA line 


Two new models in the versatile Fairchild-Odelca line of super- 
speed 70 mm. photofluorographic cameras — the X-70SA Angle Hood 
and the X-70S In Line Model — cover applications in the four major 
categories of photofluorography; mass chest survey . .. hospital admis- 
sion X-ray (supine and ambulatory) . . . serial radiography . . . and 
some aspects of general radiography. 

These cameras produce unequalled high diagnostic quality nega- 
tives at lower cost and with % the exposure time required by other 
cameras now in use. The extensive X-ray experience of Fairchild and 


Odelea has produced some outstanding features: 


@ SHORTER EXPOSURE TIME — High 
working aperture of £/0.8 (GRA £/0.63) 
permits much lower tube current and 
75% less exposure time resulting in sub- 


stantially reduced radiation. 


e VIRTUAL ELIMINATION OF RE- 
TAKES — Stops voluntary and involun- 
tary motion, yet provides diagnostic 
information comparable to full size 
radiographs. 


e@ VERSATILITY —Efficient for both diag- 


—faircHito 


nostic and mass survey applications. 


© SHARPNESS OF DETAIL — Approxi- 
mately four times increase in resolu- 


tion. 


@ AUTOMATIC SAFETY DEVICES — 
The apporatus interlocks against ex- 
posure unless all operating sequences 
are performed. 


© FOOLPROOF IDENTIFICATION — 
Data on patient's card is reproduced 
on lower edge of negative. 


For complete information, contact your 
local X-ray equipment supplier or Fair- 
child Camera and Instrument Corpora- 
tion, Syosset, N. Y., Dept. iv 
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.. foutine preoperative medication’ 


to 
control 
bleeding 


*. .. since (November 1953) Adrenosem has been used preoperatively 
to reduce bleeding from all otolaryngologic and brome ho-esophagologic 
procedures, to treat postoperative hemorrhage from the tonsil and adenoid 


regions, and to treat selected cases of epistaxis.” 


“Adrenosem is therefore specific for conditions characterized by capillary 
permeability. It checks bleeding from a broad capillary bed by causing 

a correction of excessive permeability and an increase in capillary 
resistance."* “No single case of toxicity was observed in this study.” 


drenosem 


SALICYLATE 


OF 


Indicated preoperatively and postoperatively to control bleeding associated with: 


Tonsillectomy, adenoidectomy and nasopharynx surgery 

Prostatic and bladder surgery 

Dental surgery 

Chest surgery and chronic pulmonary bleeding 

Uterine bleeding and postpartum hemorrhage 

Also: Idiopathic purpura, retinal hemorrhage, familial telangiectasia, epistaxis, hematuria 


Supplied in ampuls, oral tablets and syrup Send for detailed literature. 


1. Owings, The Control of Postoperative Bleeding with Adrenosem, Lary 
scope, 55:31 January) 1955 

2. Peele, J. ¢ Adrenosem in the Control of Hemorrhage from the Nose and Throat, 
A.M.A. Arch. of Otolary ng. 61.450 (Apeil) 1955 

3. Riddle, A. C., Je: Adrenosem Salicylate: A Systemic Hemortat, Oral Surg, Oral 
Med., Oral Path. La press 
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Meat... 


and America’s Freedom 


from Protein Malnutrition 


America is relatively free from extreme forms of protein malnutrition, since meat 
and other sources of protein make up a substantial portion of the national dietary 
On the other hand, peoples of tropical lands, whose dietary provides little meat 
or other high quality protein, suffer widespread protein deficiency 

In its severe form, protein malnutrition is “characterized by generalized 
edema, chronic bulky diarrhea with remnants of undigested food in the feces, 
hypoproteinemia, and atrophy ol small intestinal mucosa and of the pancreatic 
acini, as well as by fatty infiltration of the enlarged liver.’' Other characteristics 
are changes in pigmentation and ulceration of the skin, and depigmentation of 
the hair. ““Mental apathy and often peevishness are outstanding psychological 


attributes of children with severe protein malnutrition.””! 


Clinical sequelae of protein malnutrition include kwashiorkor and liver dis- 
ease.' In kwashiorkor the caloric intake may approximate normal, but the dietary 
protein is less than the necessary minimum in quality and quantity. Many trop- 
ical diets supply 10 to 15 per cent of the calories in the form of vegetable protein 
Kwashiorkor may follow infections, especially of the gastrointestinal tract. Diets 
below 10 per cent in protein calories lead to frank protein malnutrition, including 
signs and symptoms of kwashiorkor. 

In 5,000 autopsies on African natives no normal liver was found.? Infantile 
cirrhosis with ascites, prevalent in Jamaica, is believed te result from protein 
deficiency. ‘Toxic, postnecrotic cirrhosis in children in India occurs concomitantly 
with low intake of protein, especially animal protein. 

Government estimations indicate that 156 pounds of meat (carcass weight: 
heel, veal, lamb, and pork) were consumed per capita in the United States in 1954.* 
Providing large amounts of protein, vitamin B complex, and essential minerals, 
meat contributes valuably to the good nutrition of the American people. Meat is 
outstanding both in the amount and in the biologic quality of its protein. 


1. Gyorgy, P.: On Some Aspects of Protein Nutrition, Am. J. Clin. Nutrition 2:231 (July-Aug.) 
1954 

Davies, |.N.P.: Kwashiorkor, Trans. Ninth Conf. on Liver Injury, Josiah Macy, Jr. Founda- 
tion, 1950, p. 109 


N 


3. The National Food Situation, Washington, D. C., Agricultural Marketing Service, United 
States Department of Agriculture, Oct, 29, 1954, p. 4. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods 
and Nutrition of the American Medical Association. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United Stater 
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Free from central depression 
NON-NARCOTIC 

Free from addiction 

TESTED IN 18,000 OBSERVATIONS: 


No constipation 
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is equivalent to 

a 15-m@q dose of codeine 
available in tablets 

and a4 syrup 
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AND 


Never since urbanization, privation, and hardships made mankind susceptible 
to invasion by the tubercle bacillus have its deathly inroads been brought seo 
speedily under control as in recent years. Its captamcy ot the “men of death” 
in New York City, the largest center of population in America, ended only with 
the close of the nineteenth century. In 1954, in the same, much larger com 


munity, tuberculosis as a leading cause of death was relegated to tenth place 


TUBERCULOSIS AT THE BEGINNING OF THE CENTURY 


With the tuberculosis death rate in 1054 in the United States down to LO per 
100,000 population, it is difficult to realize the extreme mortality rates which 
prevailed not so long ago. In 1912, an investigation by Neill and Perry (1) on 
the condition of women and child Wwage-earners in the United States, made at the 
request of the United States Senate, brought out that, among operatives in the 
cotton mills of Fall River, Manchester, and Pawtucket, during 1905, 1906, and 
1907, tuberculosis “showed an extraordinary excess,”’ the tuberculosis death 
rate averaging annually $20 per 100,000. Among girls aged fifteen to twenty, the 
death rate was 219 per 100,000. Among young women twenty to twenty-five 
vears old, the rate was 504. Among those twenty-five to thirty, it was 443; and, 
in the age group thirty to thirty-five, it reached the unenviable peak of 475 

In terms of today, these death rates from tuberculosis, for instance, among 
workers under twenty in the New Kengland cotton mills, when compared with 
the rates prevailing in the United States in 1951 in the same age group of females, 
were thirty-four times that prevailing recently, which was only 6.5 per 100,000 
population. Among women twenty-five to thirty-five, the death rate of the opera 
tives in Fall River, Manchester, and Pawtucket was between twenty-five and 
twenty-eight times as great as rates nowadays in the same age groups 

So rapid have been the changes in the prevalence of tuberculosis and in its 

' From the New York Tuberculosis and Health Association, New York, New York 

? Presented at the 32nd annual meeting of the American Epidemiological Society, Uni 
versity of Minnesota, April 2, 1955 
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mortality during the past few years, especially since 147, that it has become 
important to establish “bench marks” and to record carefully what has been 


happening 
ANTIMICROBIAL THERAPY 


Improvement in the treatment of tuberculosis through the development of 
antimicrobial drugs and more successful thoracie surgery has been the basic 
event in the recent history of the disease. Let us first reeall that, while strepto- 
myein was discovered in 1944 and subjected to careful clinical study in 1945 
and 1946, it was primarily in 1947 that this life-saving drug became generally 
available. Second, it was in 1949 that para-aminosalicylie acid (PAS), developed 
abroad. likewise came into hand here. The latter, while not too effective alone, 
in combination with streptomycin contributes advantageously by delaying the 
emergence of resistant strains of tubercle bacilli and thereby lengthening the 
therapeutic effect of the drugs. Third, it was in 1952 that the general use of 
isoniazid became possible. This drug was employed dramatically, it will be re 
called, originally in late 1951 in New York City at the Sea View Hospital and, 
likewise, independently, at the New York Hospital-Cornell Medical Center. 
One may, therefore, speak of the period from 147 to 1955 as the first seven 
vears of the chemotherapeutic era in the treatment of the most serious infectious 
disease affecting mankind for centuries. And, the great successes of surgery in 
tuberculosis during those same recent years have been generally ascribed to the 
new effective drugs, improved anesthesia, and improved surgical techniques 
Prior to 1047, the treatment of tuberculosis had been largely dependent on bed 
rest and collapse therapy and, as noted by Drolet (2), the case fatality rates had 


shown but little improvement for more than twenty years 


rUBERCULOSIS MORBIDITY AND MORTALITY IN THE FIRST SEVEN YEARS 
(1047-1953) oF THE ANTIMICROBIAL ERA 


Thanks to the courtesy of a number of official authorities of various countries, 
it is possible at the moment to set down nation-w ide records with regard to both 
the mortality from tuberculosis and, to a certam extent Its morbidity, which 
permit an unusual appraisal of recent conditions The seven years, from 1947 
to 1053 inclusive, have therefore been selected for recording and testing the 
progress made and the effeet, particularly, of the new antimicrobials In various 
parts of the world where detailed annual registration is available 


Tuberculosis Mortality 


In table 1 are shown the tuberculosis death rates annually in thirty different 
countries and the Commonwealth of Puerto Rico during the seven years men 
tioned and the change in mortality between the first and last years, namely 1953 
as compared with 1947. At the same time, as a background to appraise the prog 
reas made, the death rates in 1940 as against 1950 and the extent of the change 
which occurred during that decade are presented 

In twenty-three of these thirty different countries and the one common- 
wealth. the decline in the tuberculosis mortality between 1947 and 1953 has 


= 
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TABLE 1 
Deatu Raves* is Countries anp THE COMMONWEALTH 
or Puerto Rico wrrn Cuances Berween 19390 ano 140, AND 
Berween ann 1955 


( hange 


United States 

Puerto Rico 
Canada 
Mexico 
Uruguay 
Argentina 
Chile 


england W tles 
Scotland 
Northern Treland 


hire 


leeland 
Finl 
Swede 
Norw i 
Denmark 


Netherlands 
Belgium 
Luxemburg 
Switze rland 
Germany 


Austrin 


Franee 

Ital 2 
Spain 23 5 16 105 
«144 


Portugal 


Union, S. Africa 7 ; 
Ceylon § 57 
Australia 

Ne sland 


Japan 


* Per population 
Change trom to 1952 only 


eur 


> 
§ Period 1947-1953, Federal Republi 


exceeded 60 per cert It has been well said that, since the discovery and use of 
streptomycin, PAS and isoniazid only afew vears age, these drugs already 
given life to hundreds of thousands of those sick from tuberculosis throughout 


the world 
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With regard to the United States alone. it may be noted that the tuberculosis 
death rate between 1930 and 1940 was declining, on an average, by 3.5 per cent 
annually. But, between 1947 and 1955, in seven years only, the death rate fell 
from 33 per 100,000 to T2, or (4 per cent— an average of 9 per cent annually 

During the decade 1930 to 1040, of the thirty countries and one common 
wealth listed in table 1, in every country but Japan the tuberculosis death rate 


was dropping. However, in no country did the deeline begin to compare with 


that which occurred during the seven years from 1947 to 1955. Except for 
Mexico, Argentina, France, Portugal, and Ceylon, the reduction in the tuber 
culosis death rate has ranged all the way from 60 per cent in Uruguay to 83 per 
cent in Ieeland during the more recent period; and, even in the five countries 
mentioned as exceptions, the decline in the death rate has amounted to between 
38 and 59 per cent 

In order to visualize the tuberculosis death rates prevailing prey iously and 
lately, they have been plotted in figure 1 annually since 1950 tor each of the 
thirty countries and one commonwealth mentioned. The steepness of the decline 
after 1045 and its acceleration more recently are obvious. A line lrawn at the be- 
ginning of the year 1047 would virtually mark the division between two periods 
with different forms of treatment in tuberculosis and the consequent results 
In one period, that prior to M7, bed rest and collapse therapy mainly arth 
ficial pneumothorax represented the general therapeutic practice In the other 
period whieh began in 1947, the antimar robial era, the therapeutic practice was 
characterized by chemotherapy and exeisional surgery in hospital treatment, 
followed increasingly of late by the so-called “ambulatory treatment,” or “home 


care” programs 
Tuberculosis Morlndity 


Mortality records are only one index of the prevalence of tuberculosis a 
“tail-end” one. Morbidity reporting is the second index, the main basis at the 
present time for a tuberculosis control program Finally, a third index is the 
prevalence of infection as revealed by the tuberculin test 

Morbidity reports are not so readily available as mortality returns Neverthe 
lexs, registration of cases, although limited in extent and dependability, is still, 
within certain limites and understanding, far better than no information at all. 
While reporting practices undoubtedly vary in different areas and countries, 
still. within the same locality the trend of reporting, especially of new cases, 18 
significant. Moreover, over a short period of time only, eases are likely to have 
heen reported along customary and comparable lines 

In tables 2, 3, 4, 5, and 6, there has been assembled the annual registration of 
new cases of tuberculosis for the seven years from 1047 to 1953 in fifteen different 
countries and one commonwealth: the United States of America, Canada, France, 
West Germany, England and Wales, Scotland, Northern Treland, Eire, 
Norway, Sweden, Denmark, Finland, Ieeland, New Zealand, Puerto Rico,* and 


Australia. Additional data are also presented, either for contrast because of 


commonwealth, 
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largely different racial groups (Ontario and Quebec, Canada); or because of 
different occupational development groups in the United States (the states of 
New York and Kansas 

The data presented in these tables indicate what has been frequently noted 
lately, especially by Edwards and Drolet (3), that, while mortality has been 
declining rapidly, primarily because of the newer forms of treatment, the inci- 
dence, or the number of new cases, is not coming down at the same rate. Specific 
preventive measures and improvement of socio-economic measures are still 
lagging behind. To prevention of disease must be added prevention of relapse 
Consequently, it is a serious mistake to conclude that, while mortality is rapidly 
declining, it is not necessary to continue utilizing every known method of con 
trol. In fact, there is need for their improvement and greater attention rather 
than less if satisfactory tuberculosis control is to be achieved. 


United States, Canada, France, and West Germany 


In the United States, between 1947 and 1953, the annual number of deaths 
from tuberculosis has fallen from 48,064 to 19,393, or 60 per cent. However, 
during that period, new cases of tuberculosis have continued to number more 
than 100,000 annually. In 1947, there were 154,946 new cases reported and, in 
1955, 106,925, a decrease in number of 28,021 (21 per cent). In 1940, the ratio 
of the number of deaths from tuberculosis to the number of new cases reported, 
which may well be called the community case fatality, was still as high as 59 per 
cent. During the period from 1947 to 1953, the ratio was reduced from 36 to 18 
per cent; in other words, cut in half. In relation to the population, the reporting 
of new cases of tuberculosis, starting at 94 per 100,000 in 1947, was 67 in 1953, 
a reduction of 20 per cent. For the same years, the death rate came down from 
33 per 100,000 to 12, being therefore reduced by two-thirds 

As has been well noted, the number of new cases reported during a particular 
year represents only a part of the prevalence of tuberculosis in the community 
Experience has shown that the total number of cases, old and new, during a par 
ticular period is between three and four times the new cases during the same 
period, In other words, in the United States during 1955 alone, the number of 
active cases of tuberculosis reached a value between 550,000 and 400,000 

In nearby Canada, where in 1947 the new cases of tuberculosis registered 


numbered 13,739, the decline to 10,572 in 1953 represented a reduction of 23 


per cent. At the same time, the deaths from tuberculosis, which were at first 


5449, numbered only 1810 in 1953, a drop of 67 per cent in the seven-year 
period. And in relation to population increase, the case rate per 100,000 popula 
tion fell by 34 per cent while the death rate came down more than twice as fast, 
namely, by 71 per cent. The death rate in Canada, from a value of 42 deaths 
per 100,000 population in 1947, was down to 12 in 1953, the same level which 
had been attained in the United States. The rapid progress against tuberculosis 
mortality in Canada lately is all the more impressive when considered against 
the background of the intensive development going on in industry there, es 


pecially in mining, as well as the growth of the population in its cities and newer 


= 
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communities and the serious remaining health problems faced by its Indian 
Health Services 

France, ravaged during both World War I and World War II, still pays a 
heavy toll to tuberculosis. Its death rate in 1940, for instance, was 140 per 100,000, 
or more than three times that of the United States. However, in recent years, 
there has been a marked improvement in health conditions in France. Although 
60,074 new cases of tuberculosis were still reported in 1953 (table 2), the total 
was nearly eight thousand (11 per cent) lower than in 1947. During the same 
period the number of deaths has been cut in half, namely, from 31,707 to 15,687; 
and, in relation to the population, the death rate was reduced by 53 per cent 
(from 79 to 37 per LOO.000) 

No attempt is made here to compare the tuberculosis case or morbidity rates 
in the different countries under study. It is well realized that the reporting of 
cases is not done with the same degree of completeness or accuracy in each place 
However, there is no doubt that for a particular country the practice is fairly 


consistent over the vears, and the annual records within the same country, es 


pecially for a relatively short period, may well be compared. The trend shown 


is doubtless typical of what is happening there 

Thanks to the late Professor F. Ickert, secretary-general of the German 
Central Committee for the Fight against Tuberculosis, interesting and valuable 
reports are available for a few years with regard to tuberculosis in the Federal 
German Republic. They bring out strikingly the inroads and high degree of suf 
fering from tuberculosis following World War Il. With the population in western 
Germany less than one-third that of the United States, there were still, in 1955, 
107,538 new cases of tuberculosis reported, or as many as were reported here 
the same vear. However, in 1948, in Germany, they numbered as high as 185,622 
During the seven years from 1947 to 1953, the number of deaths has been cut 
by two-thirds. In the same seven years, the death rate has been reduced from 
73 to 21 per 100,000 (71 per cent); a decline as rapid, for instance, as has taken 
place in Canada, although the death rate in Germany ts still at a higher level 

If. for a moment, the situation in the United States, Canada, France, and 
Germany be considered, it will be seen that in the year 1947 in the first three 
countries, and in 1948 in the last country, a grand total of 116,286 deaths from 
tuberculosis was reported. In 1955, in the same four countries, the deaths totaled 
but 47,525, or 68,063 fewer, a reduction in number of 59 per cent, even while 
the population kept on increasing. For the same years, the new cases reported 
totaled 402,184 in these four countries, whereas, in 1953, they numbered 285,109, 
which was 117,075 fewer (29 per cent less). During those few particular years the 
decline of tuberculosis mortality has been unparalleled; morbidity has also 
been decreasing, but at little more than half the rate of the former. The greater 
reduction in the number of deaths than in the number of cases is obviously due 


to more successful treatment with specific drugs available nowadays 


United Kingdom 


In england and Wales, it has taken some time to shake off the impact of World 
War II; food shortage and destroyed housing continued to lower resistance 


j 
i 
‘ 
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(table 3). War prisoners returning with tuberculosis added their burden. The 
number of new cases reported in 1947, 55407, was exceeded slightly in 1048 and 
was still at approximately the same level in 149 It was only in 1951 and 1952 
that some reduction took place and, by 1953, the actual number of new eases 
of tuberculosis reported in England and Wales, 48,852, was 12 per cent less than 
in 1947. As a matter of fact, the new cases recorded for 1953 were only a thousand 
lexs than in 1940. Striking, however, has been the reduction of tuberculosis 
mortality. As against 23,551 deaths im 1947, the deaths numbered but slightly 
more than a third in 1953, namely 8,902. This represents a reduction in number 
of 62 per cent and, in relation to the population, a decline in the death rate of 
(4 per cent during the seven years under consideration. It is worth recording that 
in England and Wales, between 1947 and 1953, in the development of mass 
roentgenography, more than twelve million members of the ervilian population 
were examined. In 1047. the average number of such roentgenographic examina 
tions per week was 12,515, whereas it was more than four times as great in 1953, 
namely, 54,166 each week 

In Scotland, new cases of tuberculosis were discovered at almost an identical 
number in 1947, 1948, and 1949, namely, some ten thousand each vear. How 
ever, by 1953, the annual number for all forms of tuberculosis was S,S44; since 
1047 the number had declined by 13 per cent. At the same time, a miue h greater 
rate of progress was being made against tuberculosis mortality. The deaths which 
at first numbered 4,095, were only 1,341 in 1953, a reduction of 67 per cent In 


relation to population, the tuberculosis death rate had come down trom SO to 


26 per 100,000, or GS per cent. For the first time, the death rate in Scotland 
recently was beginning toapproach the lower level it has attamed in england and 


Wales, 26 as compared with 20; whereas, in 1947, it was SO as against 50 
Great gains have been the result of the highly organized campaign against 
tuberculosis in Northern Lreland. The new cases in 155 should be compared 
with those in 1948 because of a different basis of inclusion previously. During the 
SIX Vears Just mentioned, the new cases have fallen in number by no less than 
$2 per cent. Between 1947 and 1953, the tuberculosis deaths and, consequently 


the death rate came down by more than two-thirds (68 per cent) 


hire 


In Kire, care must be taken in interpreting the record with regard to tuber 
culosis. It is the one section of this area, which, when compared with Northern 
Ireland and England during the period under consideration, has shown some 
increase in the number of cases, particularly during the years 1947, 1948, and 
1049. Two things must be remembered: first, that the higher level in Eure of 
tuberculosis case rates and of mortality reflect a picture to be found in other 
parts of the world where industrialization and modern development have been 
more recent 

It was only at the close of the nineteenth century, namely, in DSUS that the 
tuberculosis death rate or one may rather say the tuberculosis epidenn 
reached its crest in Eire. Since that time, there has been, although starting from 


a higher level of prevalence, a rate of progress equal to that in countries just 
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mentioned, namely, a decline in the death rate of 68 per cent between 1947 and 
1953. It has also been common knowledge that during World War II a number of 
Irish workers went over to England in answer to the increased demands for labor. 
Many of them came from rural areas where their pursuits previously were agri- 
cultural and in the open air rather than in factories and on the “assembly line.” 
It has likewise since been stated that a higher proportion of these were from 
parts of Eire where many are tuberculin-negative and were not infected until 
they went to England. Some of these emigrants developed tuberculosis more 
readily than others long immunized; they returned home to Eire and, as the 
record shows, during the years of 1947 to 1949 the number of reported new cases 
rose. Even at the higher level of prevalence, however, the reduction in the case 
rate of 12 per cent is similar to that in Scotland (12) and close to that in England 
(14). At the same time, utilizing the newer forms of treatment, the tuberculosis 
death rate has been brought down by 68 per cent. 


Scandinavian Countries 


There is particular interest in reviewing the course of tuberculosis in recent 
years in the principal Seandinavian countries (table 4), for there one finds ex- 
tremes. In Denmark, the death rate in 1953 was 10 per 100,000 (8 for pulmonary 
forms only) while in the same year it was 45 in Finland. In Norway, the death 
rate was 16 per 100,000 population and, in Sweden, 15. At different levels, there 
has been a great deal of similarity in the rate of progress in reducing tuberculosis 
mortality in each country: in Denmark, 67 per cent; Norway, 71 per cent; 
Sweden, 71 per cent; and Finland, 73 per cent. On the other hand, the course of 
morbidity has not been the same. In Norway, the number of new cases during 
the seven years under review was reduced by 17 per cent; in Sweden, by 44 per 
cent; in Denmark, the pulmonary cases were reduced by no less than 50 per 
cent 

In Finland, figures quoted for new cases cannot easily be compared except for 
a few years. There was an improved and modified extent of registration in more 
recent years. Prior to 1951, registration of new cases included only those in the 
records of the dispensaries of the Finnish Anti-Tuberculosis Association. In 1951, 
a general reorganization of tuberculosis work in Finland brought the entire 
population into a unified program directed by the State Medical Board. Despite 
these difficulties in the reporting, it is worth noting that, between 1947 and 1950 
alone, the number of new cases reported fell from 9,245 to 5,935, or 36 per cent. 

According to the Tuberculosis Research Office of the World Health Organiza- 
tion (4): 


Tuberculosis mortality in Finland, as in almost every other country, has decreased 
very rapidly since the second World War, particularly in the younger age groups. How- 
ever, since a similar pattern is found in countries where BCG has not been used, there 
seems to be little compelling evidence to support a belief that the nation-wide BCG 
program (1048-1049) caused much, if any, of the recent precipitous drop in mortality 
rates. Other factors having a strong influence on tuberculosis mortality have undoubt 


edly been operating in Finland as almost everywhere 
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Improvement in conditions after World War II, availability of powerful anti- 
microbial drugs lately, and many other perhaps unknown factors have been at 
play. The authors of the WHO Tuberculosis Research Office study conclude 


that factors other than BCG must have been operating is obbvious because the 
unprecedented drop in mortality among older members of the population cannot have 


been influenced by the vaccination program in the younger age groups 


Tuberculosis mortality in Finland is high as compared with other European 
countries. Before the end of World War I, the death rate from respiratory tuber 
culosis fluetuated between 250 and 300 per 100,000; by 1953, it had dropped to 
56 for males and 27 for females. In 1953, the death rate for all forms of tuber- 
culosis was 45 in Finland, or three times the rate in Sweden and Norway, which 


were 15 and 16, respectively 
Iceland 


In Iceland, an unusually favorable situation with regard to the prevalence of 
tuberculosis continues to develop (table 5). It is of particular interest because this 
is one country where, until recently, there was little utilization of BCG as com 
pared with the practice in the Scandinavian countries. The morbidity rate, 
however, continues to be fairly high, especially when compared with that in 
Denmark, being three times as great. However, there has been an amazing re 
duction in the mortality between 1947 and 1953. The number of tuberculosis 
deaths has been reduced by 80 per cent and the death rate by 83 per cent —the 
greatest decline reported in any of the different parts of the world under con 
sideration in this review. In 1953, the death rate in Iceland, 9 per 100,000, was 
but one-fifth of what it still is in Finland. While no reports are at hand with re 
gard to registration of new cases in 1953, still, during the six vears between 1947 
and 1052, the case rate fell by no less than 49 per cent 


As reported by Sigurdsson and Edwards (5): 


According to the old medical records, tuberculosis appeared to be relatively rare in 
Iceland nearly eighty years ago With the turn of the century, people started mi 
grating towards the urban centers, and the ensuing rapid influx to the villages and 
towns was often accompanied by crowded and unsanitary living conditions tuber 
culosis mortality increased irregularly, but persistently, to reach a peak above 200 
per 100,000 in 1930. Then came a sudden, and precipitous, drop which has continued, 
almost without interruption, to the present time when over70 per-centof the population 


are now considered urban residents 


It is difficult to identify the particular factors most responsible for the con- 
tinuous decrease of tuberculosis in Iceland; however, several have been at play. 
Housing, nutrition and health education have all improved in late years and 
have no doubt been of great importance. Tuberculosis control measures have 
stressed systematic case finding and isolation of open cases. Ten to 20 per cent 
of the entire population have been examined each year since 1940; in 1945, 40 
per cent of the population were included. There has been systematic tuberculin 
testing of school children. In 1950, there were 1.7 beds available for each newly 
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detected case of tuberculosis, or 13 beds per death from tuberculosis. The govern- 
ment pays the cost of sanatorium and hospital care. As a result the White Plague 


is being “stopped in its tracks.”’ 


Vew Zealand-Australia 


Passing practically to the opposite side of the world, namely, to New Zealand 
and Australia, the reports which were kindly made available for the period un- 
der consideration illustrate the universality, at least in the more or less advanced 
countries, of the tremendous gains recently made against tuberculosis. Between 
1047 and 1955 in New Zealand, the number of new cases of tuberculosis reported 
annually has come down from 1,692 to 1,439 (15 per cent); but, at the same 
time, the number of deaths was being reduced by 55 per cent. During those par- 
ticular seven years the case rate fell from 100 to 75; and the death rate, from 
$1 per 100,000 to 12 (61 per cent). 

In the wide continent of Australia, noted generally for its comparatively 
healthy conditions, the record of tuberculosis in the recent period is also of spe- 
cial interest (table 5). There, too, because of improved forms of treatment pos- 
sible, mortality from tuberculosis has declined strikingly. There has been, on 
the other hand, an increase amounting to 25 per cent in the number of new cases 
recorded annually between 1947 and 1953; during the first year mentioned, 3,971 
new cases and, lately, 4,979, or 1,008 more. It should be quickly added, with 
regard to population, that the post-war period was marked by a continued high 
natural increase and a resumption of immigration, Whereas, in 1940 the popu- 
lation totaled 7,040,661, in 1953 it was approaching the 9,000,000 mark. It is 
also likely that, along with the stress of war, the problem of adaptation of the 
new immigrating groups likewise brought increased tuberculosis problems. How- 
ever, in relation to the population exposed, the case rate, 52 per 100,000 in 1947, 


was a comparatively low one. There has been little improvement, as already 


remarked, in its level and, by 1953, it was still 56. On the other hand, the mor- 
tality has been fast declining: 2,261 deaths in 1947 and 974 in 1953. The tuber 
culosis death rate for the country as a whole therefore came down during that 
period from 30 per 100,000 to LL only, a reduction of 63 per cent. 


Selected Localities of the United States of America and Canada 


Puerto Rico: ln « review of the course of tuberculosis in various and different 
localities, the developments in Puerto Rico are illuminating for both contrast 
with, and similarity to, what may also be seen in such widely separated places 
as Australia or, again, in Iceland and in New Zealand (table 5) 

First, it should be noted that Puerto Rico suffered, during the nineteen thirties, 
the highest tuberculosis death rate of any of the different areas under considera- 
tion here. In 1950, the rate was 263 per 100,000, and it still stood at 260 by 1940. 
It was in very recent years that the peak of the tuberculosis epidemic was reached 
among the people of that island, namely, in 1933, when the death rate was 335 
per 100,000. During that decade, there had been a large migration of the popula- 
tion from rural areas to towns and cities, with resultant grave difficulties in find 
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ing housing. That period saw the development of a number of slums where con 
tagious diseases spread frightfully 

As related by Pastor and Janer (6), within a year of the appearance of the 
tuberculosis crest, an intensive campaign against tuberculosis was initiated by 
the health authorities. An addition of a thousand tuberculosis beds trebled the 
facilities available, particularly for the isolation and treatment of open cases of 
tuberculosis. At the same time, a wide case-finding campaign was launched 
During the four-vear period, 1935-1939, a total of 147,000 persons were examined 
under the new program with thoroughness in the follow-up of suspects, no less 
than 125,565 sputum examinations having been made. A number of fully 
equipped pneumothorax clinics were organized at key points throughout the 
island for the treatment of “open” ambulatory cases 

At the same time, application of modern public health measures resulted in a 
marked lowering of the general mortality in Puerto Rico. It is, therefore, not 
surprising to see, during the more recent period of 147-1953, the number of 
new cases of tuberculosis decline from 6,367 to 5,246 (18 per cent), even while 
the population was increasing at a high rate. With active and effective treatment 
of the sick, tuberculosis mortality fell rapidly: 4,160 deaths in 1047 and only 
1.046 in 1953. In relation to the population, the death rate can be seen to have 
dropped from 192 to 47 per 100,000, or by no less than 76 per cent -a propor 
tionate gain tying for second place in the series under review with that made in 
the Netherlands. Iceland, it will be recalled, enjoyed the greatest reduction: 
per cent 

New York State-State of Kansas: A review of the tuberculosis record and of 
general conditions in the states of New York and Kansas in the | nited States, 
which are markedly different especially with respeet to occupation of their peo 
ple, confirms further how much the trend of tuberculosis in each of these states 
has been affected lately by the availability of the antimicrobial drugs for the 
treatment of this still world-wide plague (table 6 

New York State has the largest population of any in the United States, more 
than fifteen million; the population of Kansas is almost exactly two million 
New York State has an area of 49,576 square miles, whereas Kansas i much 
more spacious, with 82,276 square miles 

The density of population in the state of New York averages 409 per square 
mile, rising to as high as SSO in the Borough of Manhattan, an island which 
forms the central portion of New York City. On that narrow island of 22 square 
miles. there are two million residents in addition to the hoards of suburbanites 
and visitors who go there daily for business, work, shopping, of pleasure. Tn 
Kansas, the density of population averages 23 per square mile. Preventing the 
spread in New York City of a communicable disease such as tuberculosis is a 
herculean daily task 

In the state of New York, 86 per cent of the population reside in urban cen 
ters and only 14 per cent in rural areas; whereas, in Kansas, nearly half, namely 
iS per cent still earrv on their daily tasks in rural areas, and one-half of the 
latter are engaged in farming. The state of Kansas produces one-fifth of the 


136 DROLET AND LOWELL 


entire supply of the winter wheat of the nation. It should be further noted that, 
whereas in the state of Kansas only about 4 per cent of the population is non- 
white, in New York State the latter group comprises 16 per cent of the entire 
population. There are nearly one million Negroes in New York State. In the 
New York City area there are 400,000 relatively recently arrived people from 
Puerto Rico. Industrial development in New York State is both varied and ex- 
tensive in character. New York City is the financial center of the United States. 

As is well known, New York, with its remarkable harbor and transportation 
facilities, has been, for decades, the principal port of entry of the tremendous 
number of immigrants to America. Succeeding waves of newcomers—lrish, 
German, Italian, Jewish, Negroes from the South, and Puerto Ricans—have 
followed one after the other, each to face most difficult competitive conditions 
in adapting himself to life in the New World and especially in this part of the 
United States. As a result, tuberculosis problems have been constant, to be met 
anew over and over again 

Among the millions of residents in New York City, hardly has tuberculosis 
been brought under control among the older residents when new arrivals pour- 
ing in by thousands require urgent attention. And yet, the big city embraces 
them all as part of growth and life 

To cope especially with tuberculosis and other allied health problems, highly 
organized departments of health have been created by the state, municipal, and 
county authorities. Extensive case-finding campaigns have been carried on regu- 
larly, not only among the apparently healthy of the general population but, 
lately, with state aid, among patients admitted to general hospitals. 

All “means tests’ for treatment in sanatoriums and for tuberculosis hospital 
services have been abolished. Generous public relief is granted through depart- 
ments of welfare. Rehabilitation services are being steadily increased. Slum 
areas are being eliminated and modern housing projects, aided by the federal, 
state, and municipal authorities, are underway everywhere. 

Opportunities for medical education are extensive. Within New York City 
alone, there are six schools of medicine, all closely associated with diversified 
hospital facilities. It was in two of the local institutions, namely, the Sea View 
Hospital and the New York Hospital-Cornell Medical Center, that the latest 
available drug for the treatment of tuberculosis, isoniazid, was first utilized. 

During the recent seven-year period under consideration, recalling the special 
conditions of industry and racial groupings in the state of New York, the tuber- 
culosis death rate, which was 38 per 100,000 in 1947, was reduced to 13 by 1953 
or but a little more than a third of what it was previously, a drop of 66 per cent 
(table 6). The number of new cases during those seven years has fallen by 12 


per cent, namely, from 12,915 to 11,375. It is necessary to repeat that this has 


occurred even while a steadily increasing number of cases of tuberculosis was 
being found among Puerto Ricans recently settling in the New York metropoli- 
tan area 


* A procedure requiring an applicant to demonstrate inability to pay for treatment be 
fore the services can be provided by governmental funds 
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Returning to the state of Kansas, it should be stated that there is a well 
organized rural health program in that state, that there are many social welfare 
agencies, and that mental and penal institutions, where tuberculosis often thrives, 
have all been modernized. 

During the seven years from 1947 to 1953, the tuberculosis death rate in 


Kansas, always low in that comparatively healthy state, has fallen from 17 to 
only 5 per 100,000, a drop of 71 per cent in just that brief period. Kansas enjoys 
at the present time one of the very lowest tuberculosis death rates to be found 


Ontario-Quebec: In connection with this series of reports it has been deemed 
of interest to see-—within Canada, for instance-—what has been happening in 
two provinces, greatly different in racial composition and levels of prevalence 
of tuberculosis, namely, Ontario and Quebec, The people in the first are prac 
tieally all of Anglo-Saxon or general European descent; the people in the second 
province are predominantly French-Canadian. As should be expected, the tuber 
culosis death rate in the Province of Quebec is relatively high, reflecting what is 
to be expected in a group still fairly close to the time when its occupation was 
mainly agricultural and the bulk of the people were living in rural sections. 
Contrariwise, in Ontario are the descendants of people from England and Euro 
pean urban cities who were comparatively “immunized” against tuberculosis 
much longer ago. In these two provinces, however, parallel changes at two dif 
ferent levels have occurred: the tuberculosis death rate in the English-speaking 
province has fallen by 76 per cent, and in the French-speaking province by 70 
per cent. In Ontario, the very remarkably low death rate of 6 per 100,000 pre 
vailed in 1953; whereas, in Quebec, it was practically two and one half times as 
great, namely, 20; a similar ratio to that in 1947 when the first had a rate of 25 


and, the second, of 66. 


NINETEEN-FIFTY: A HALTING YEAR 


At the Thirteenth Congress of the International Union Against ‘Tuberculosis 
in Madrid in September, 1954, Blanco-Rodriguez (7) drew attention to an ap 
parent slow-down, if not a temporary increase, of tuberculosis rates in 105] 
He raised the question whether this might not have been a manifestation of a 
delayed mortality of a number of patients with advanced disease previously 
treated with streptomycin. The writers of the present paper have, therefore, 
thought it worth while to inspect more closely the record at hand. Such an in 
spection would seem to bear out that there was indeed a kind of halting, a 
“ralentissement”’ or slow-down, in the decline of tuberculosis at that time 

If one looks particularly at the course of the tuberculosis death rate, it may 
be seen that during the recent period when, in the United States, the rate was 
falling three or four deaths per 100,000 population annually, in 1951 it was but 
two deaths lower than in 1950, namely, 20 per 100,000 against 22. In Sweden, 
there was no decline at all, the rate remaining at 22. In Denmark, there was 
some reduction, but of only one death per 100,000. In Switzerland, the death 
rate remained the same in 1951 as in 1950, namely, 35 as against 35 previously. 


In Germany, where recovery was rapid, the decline was small: two deaths, : 
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against 39; in Austria, likewise, a reduction of but two deaths per 100,000. Actu- 
ally, in Ieeland, the rate in 1951, namely, 21 per 100,000, was one higher than 
that of 1950 when it was 20. In France, it rose by three deaths, 61 as against 58; 


likewise, in Italy, 45 as against 40 

If one also studies the figures closely, for instance, of the case fatality among 
veterans hospitalized on account of tuberculosis by the U.S. Veterans Adminis 
tration (table 8), the record of 1951, 10.6 per cent, is hardly different from that 
of 1950, when it was 10.9 per cent. In other words, there was no further gain in 
this large group of patients during that year. Similarly, at the Sea View Hospital 
in New York City, the case fatality remained stationary: 27 per cent in 1951 
as against 27 per cent in 1950 

In other countries, if one looks again at the reports for 1951—this time in 
terms of the community case-fatality rate, namely, the ratio of deaths to the 
new cases reported —it may be seen that in Canada it actually rose to 31 per 
cent as against 20 in 1950. In Germany, the community case-fatality rate failed 
to show improvement in 1951; it remained stationary: 15 per cent as against 
15 per cent. In New Zealand, the rate went up to 28 per cent compared with 
27 per cent the year before. In Ontario, it was higher in 1951: 45 per cent against 
41; in the Province of Quebec also, 57 per cent as against 42 per cent. 

It must therefore be admitted that a comparatively unusual situation de 
veloped about that time; there was no obvious gain against tuberculosis, gen 
erally speaking, during 1951. The resumption of the decline in 1952 and 1955 
was speeded by the appearance of isoniazid and undoubtedly was aided by the 
possibility of more successful surgery now that the patients were being brought 
more safely and quickly to a situation in which surgical therapy could be em 
ployed 

Altogether then, there is a similarity of trend in all of these reports of tuber 
culosis in various parts of the world, especially during the seven-year period 
between 1947 and 1953 (table 7). A definite decline in morbidity occurred and 
there was a still greater reduction of mortality. In such places as England, Wales, 
and Seotland, and in Eire and France, the case rate has fallen only between 12 
and 16 per cent, On the other hand, there are instances, as in Northern Lreland, 
Germany, Sweden, Leeland, and Denmark, where it has dropped by more than 
10 per cent 

The number of tuberculosis deaths has come down everywhere on a tremen 


dous seale during these seven years. Even in France, where they have decreased 


comparatively least, the reduction has still amounted to 51 per cent; and in Ice 


land, the deaths dropped by 83 per cent. In most countries with available records, 
the tuberculosis death rate has been cut from approximately two-thirds and even 
up to three-fourths during these first seven years of the chemotherapeutic era 
In figure 2 is shown graphically the trend in the case rate and death rate from 
tuberculosis in six widely seattered areas, between 1947 and 1953, namely, in 
the United States, England and Wales, Norway, Sweden, France, and New 
Zealand. Recovery from the stress and trials of World War II, improvements 
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TABLE & (Part 1 


Vererans ApministraTion, Morwrauiry or Hosprratizen TUBERCULOSIS 
Patients, Years 1942-1946, ann 1947-1953 


Number Discharged 
Alive 


142" 6,352 
143° f 6, 664 
7,813 
725 9,405 
9,444 


1947* 12,443 
1048* 006) 14,636 
O07 14,646 
a 15,391 
19511 7 15,226 
1952+ 14,908 
19531 16,176 


* Fiseal year ending June 30 


t Calendar year 
Data refer to cases of pulmonary tuberculosis. Figures by courtesy of the Veterans 


Administration 


TABLE 8 (Part 2) 
Morratiry, Years 1940-1946, 1947-1953 


Sea View Hospital 
New York City New York Hospital Cornell Medical Center 


New* Fatality New* Fatality 
Admissions Allt Deaths Ratios Admissions Allt Deaths Ratios 


per cent per cont 
104 
142 005 3: : 120 
1043 18S 
1o44 , 525 
145 142 
1468 j 11S 


1047 
104s 
1050 
1051 
1082 


1953 Ww 5 


23 


* All forms of tuberculosis 
t All deaths whether of new or readmitted patients. 


40 
Total Dead 
1,920 = 23.2% 
1,923 = 22.4% 
2,301 = 22.8% 
2,320 = 19.8% 
2,376 = 0.1% 
2,571 = 17.1% 
2,270 = 13.4% 
2,361 = 13.9% 
1800 = 10.9% 
1.814 = 10.6% 
1410 = 8.6% 
1316 = 7.5% 
Vear 
1206 wl 43 2 2 
1a 467 5 
1,204 31 5 
1,540 27 16 
1,300 378 27 5S 5 9 
1,340 314 | 9 l 2 
is 0 0 
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of somio-economic conditions, intensification of antituberculosis activities have 
all contributed to a lower incidence of tuberculosis in most of these countries 
Nevertheless, it is believed that the availability and use of antimicrobial drugs 
during the period represent the factor which has been primarily responsible for 
the greatest reduction in the fatality of the disease ever witnessed in so short a 


period ol time 


IneLueNce or on THE TREATMENT oF TUBERCULOSIS 


As a result of the courtesy of Dr. Robitzek of the Sea View Hospital, Dr 
Muschenheim of New York Hospital Cornell Medical Center in New York City, 
and Dr. Schneider of the U.S. Veterans Administration, it is possible, from the 
records of their institutions, to see the immediate effects upon case fatality rates 
in hospital services where, especially, streptomycin and subsequently isoniazid 
were first used (table 7) (8). As stated previously, following the initial clinical 
studies of streptomycin at the Mayo Clinic and at the New York Hospital 
Cornell Medical Center, a large-scale test of streptomycin was launched in the 
latter part of 1946 on hundreds of patients in a joint study by the Veterans Ad 
ministration, the Army, and the Navy. Prior to 1947, the case fatality rate 
among tuberculous patients hospitalized by the Veterans Administration had 
ranged between 20 and 23 per cent; as a matter of fact, it had remained around 
that level for a number of years. With streptomycin more widely used by the 
Veterans Administration in 1947, the case fatality rate immediately dropped 5 
points to 17.1 per cent, with a further break to 13.4 in 1948 

It was in 1949 that PAS became generally used in the United States as a 
companion drug for streptomycin in an effort to retard the emergence of drug 
resistant tubercle bacilli. With dual-drug therapy, the fatality rate among vet 
erans hospitalized because of tuberculosis came down again, but with a tendency 
to stabilize around 10 per cent. Finally, in late 1951, came the introduction of 
isoniazid at the Sea View Hospital by Robitzek and Selikoff and, independently, 
at the New York Hospital-Cornell Medical Center by McDermott and Muschen 
heim and their respective associates, all of New York City. [ts use in 1952 among 
patients of the U.S. Veterans Administration resulted in a further lowering of 
the case fatality, the rate coming down to 8.6 per cent; finally to 7.5 per cent 
in 1953 practically one-third only of what it was in 1946. It was here in the 
institutions just mentioned that the antimicrobial drugs saved hundreds of lives 
As against 12 deaths at the New York Hospital-Cornell Medical Center in 1946, 
there were none in 1953; at the Sea View Hospital, there were 560 formerly, 192 
lately; among veterans, there were 2,376 then, 1,316 now. As is well known, 


there was wide publicity given especially to isoniazid, which was likewise de 


veloped independently at approximately the same time in West Germany, and 


there ensued a rush in various parts of the world to employ the drug in the treat 


ment of patients on a wide scale 


The Sea View Hospital and the New York Hospital-Cornell Medical Center 


There is historical interest in the conditions and developments at the Sea 
View Hospital and the New York Hospital-Cornell Medical Center. The former 


ay 
— 
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institution of 1402 beds is one of the largest institutions for the care of the tu 
hereulous in the world; the latter institution has a limited service employed 
principally for teaching and research. In appraising the influence of chemother 


apy upon recent mortality rates, it is especially at a large institution like the 


Sea View Hospital that one can see the immediate gains made. The figures tor 
the seven years prior to 1947 are also important as background, It will be noted, 
first of all, that, annually, the fatality ratio in relation to new admissions was 
formerly very high; as a matter of fact, there had even been a tendeney for a 
few vears for this condition to worsen In 1945, more than half of the patients 
admitted to Sea View died; the fatality rate that vear rea hed 5S per cent It 
should be borne in mind, however, that at this particular institution a high pro 
portion of tar advanced cases of tuberculosis were being sent after selection from 
other admitting hospital emergency services Then, in those years there was an 
increasing number of colored patients and of comparatively recent arrivals from 
Puerto Rico. These two groups of patients still display more rapidly progressive 
and extensive tuberculosis than the older groups in New York City, for exam 
ple, those of Italian or Jewish stock 

At the Sea View Hospital, in 1947, the case fatality ratio was still 45 per cent 
With streptomycin at hand, material improvements were immediately obtained 
The case fatality rates fell to 36 per cent in 1948 and to 31 per cent in 149, but 
stabilized at 27 per cent in 1950 and 1951. It was in the latter part of 1951 that 
isoniazid was first used in a group of approximately 90 patients, As pointed out 
by Robitzek and Selikoff (9), “all patients suffered from extensive bilateral, far 
advanced, active, progressive, caseous-pneumonic tuberculosis and in the pre 
therapy period had failed to show improvement, they really were judged hope 
less; all persistently had positive sputum. ‘Ten of them had tuberculous laryngitis 
and many had extra-pulmonary or non-pulmonary disease,”’ 

In 1952, when the patient-census averaged 1,544, a great majority ultimately 
more than 1,200 patients) were receiving isoniazid therapy. At the end of 1955, 
a still higher proportion, more than 00 per cent of the patients, were receiving 
isoniazid. The case fatality rate immediately came down to 25 per cent in 1962 
and, in 1953, to 15 per cent when, therefore, it’ was practically only on third of 
what it had been in 1947. The much higher fatality ratios in the Sea View Hos 
pital, as already mentioned, were in great part due to the racial composition of 
the patients and their very serious condition, At New York Hospital-Cornell 
Medical Center, reference should be made to the relatively more numerous 
deaths in the year 1950; of the & which occurred, 5 were among patients who 


had been there for less than one month. In 1953, there were no deaths» 


PrevaLence or INrection 


The third index, previously mentioned, which may be used with reference to 
the incidence or prevalence of tuberculosis is the extent of infection as rey ealed 
by tuberculin tests. It is obvious, in places or areas where tuberculosis morbidity 
and mortality are being brought down to very low levels that there shall be an 
inereasing need and use of the tuberculin test. It is therefore of importance to 


hegin recording and bring to general attention sur h reports of the results of these 


Prevacence or Tussreutous INrrcrion at 
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TABLE 9 


Ace Firreen* 


In Various Countries or Cities in Recent Yearst 


Male 


per cont per cont per cont 


Asta 
Korea (1954 
entire campaign 
Seoul 
Formosa 
1951 52 


Urban communities 


Taiw an 


Rural communities 


Weeste rh Provinee 


Ceylon 


Colombo 
India (140 51 
Caleutta 
Bomba 
Aden Colon 1052 
Entire campaign 
Middle bast 


snd suburbs 


Lebanon 
Beirut 


entire campaign 


Syria 


Damascus 
Israel (1040 50 

Entire campaign 
Jerusalem, urban 
Tel Aviv 
Jews born mm Israel 
Jews, immigrants 
Palestine Arabs (1040 

Refugees, Transjor 
dan et 

cetera 

(1050 52 
Nine urban districts 
Nine 


campaign 


rural distriets 
governorate 
14 
Suez governorate 
Port Said 
North Africa 


« 


Algeria 


Cities 
Rural communes 
Algiers 


Morocco (1040-51 


Female 


Both 


Country Male 


per cont per cont 


“Cities” 74 
Rural districts 15 
Casablanca 
F és 
Tangier 
City 
Rural district 
149 5l 
Entire campaign 


105) 


Tunisia 


Bizerte 

Urban 

Rural 
Tunis 

Urban 

Rural 

europe 
Malta (1950 

entire campaign 


Urban localities 


~ 


Rural localities 


is 


Gozo Island 
(1948-51) 
Entire campaign 
over 100,000 
Rural areas 


Cjreece 


a 


Cities, 


Her wlion 


Athens. Piraeus 


Salonica 

Crete 

1048-50) 
Entire campaign 


Yugoslavia 


Fifty-one urban areas 

Fifty-one rural areas 

Slovenia 

Macedonia 

Serbia 
Czechoslovakia (1948 


Czech provinces 
Slovakia 

Prague 
Bratislava 


rban 

Rural 
Hungary (1048-49 

Budapest 


Austria (1948-50 


Female 


Both 


per coni 


444 
52 75 
a2 
2s 
53 
63 3S 
72 
77 72 | 70 
57 5 
ou 
29 20 
15 12 13 49 47 is 
15 0 13 19 18 
10 36 3s 
of 
34 31 33 53 
j 27 23 25 a 27 26 
30 30 30 19 
54 
1s 
5” 
30 65 
5S 
52 36 36 36 
57 57 53 
43 
is 55 57 
53 
17 
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TABLE 9—Continued 


Male Female Both Country Male Fematk Both 
per per cent per com 


(1951-52)§ 


Two urban commun 


Entire campaign 
Ten urban districts 
Ten rural districts ties 
Vienna Four rural parishes 
Displaced children Sligo 
age 12 Urban 

Germany (1048 49 Rural 

Hesse only Cork 
Poland (148-49 America 
keuador (1950-51 


intire campaign 


campaign 
Kracow province 
Lublin province Urban areas 
Gdansk, urban { Rural areas 
Warsaw 7 Quito 
Guayaquil 

Poznan Mexico (1950 
England and W State of Hidalgo 

State of Tamaulipas 


Lodz 


Vera Cruz 
New York City (1950 


Rural England and §2)¢ 


Wales f Queensboro, white 
Urban England, N V%, colored 13% 

ind Wales 5 Manhattan Bronx 
London four dis Brookly i 

tricts 3S 34 


rban ng! und, 


south 


* Positive reactors to tuberculin test 

+ Based in part upon reports of “The International Tuberculosis Campaign’’ and 
the Tuberculosis Research Office, World Health Organization, Copenhagen Denmark 

t National Tubereulin Survey, eng! und and Wales 

§ National Tuberculosis Survey, Ireland 

© Survey by Queensboro Tuberculosis and Health Association, and by Department of 
Health, City of New York 


tests in various places, especially before their value is impaired by the widening 


campaigns with BCG vaecination 

Because of the almost universal prevalence of infection in adult life in certain 
parts of the world, it ts particularly during childhood that more significant 
records on the level of infection ean be noted for historical and comparative 


\ practical age for comparisons would seem to be around fourteen 


purposes 
or fifteen, especially in localities where there are compulsory educational re 
iren and they are more likely to be accessible in groups It ts 
now 


quirements for chile 
also of importance that the tuberculin reaction have wider use as a test 
that. with modern methods of treatment of active disease, It ts realized that it is 
not necessarily the chronologic age of the patient which is a determinant tactor 


in tuberculosis but, rather, the age of the infection Were tuberculin testing done 


145 
— 
IS 
is 
3S 
63 
77 75 
St 
= 
= | 
" 
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more frequently and records kept, it could play an important part for more 
effective and early treatment. As a matter of fact, studies are already under 
consideration for the active treatment of recent infection or of primary tu- 
berculosis 

Comparatively recent reports of the International Tuberculosis Campaign 
(10), to which the World Health Organization provided technical guidance and 
assistance, are a rich source of information on results of tests for tuberculous 


infection in various countries. Furthermore, these tests were performed under 
supervised methods and their results are, therefore, unusually comparable. They 


were done, it will be remembered, in anticipation of vaccination with BCG of 
large groups, especially of children. It may also be recalled that they cover lit- 
erally millions of tuberculin tests (38,000,000) “upon children and young adults.”’ 

Skimming briefly from nation-wide tuberculin surveys in various countries, 
selected figures (table 9) disclose the prevalence of infection in the nineteen 
fifties at age fifteen among boys and girls. In Korea, Formosa, Ceylon, India® 
(where more than 4,000,000 children and young adults of various ages were 
tested) and in Aden Colony, except in rural areas, from 60 to 75 or 8O per cent 
of the boys and girls are already infected with tuberculosis at the age of fifteen. 

In the Middle East, a variety of interesting reports are at hand. Compara 
tively lower rates of infection prevail, some as low as 15 per cent in Lebanon, or 
a rate of 23 per cent among the native Jewish children in Israel. However, among 
those of immigrant Jewish people, the rate is twice as high, 44 per cent. Among 
Arab children in camps for refugees, a rate of 32 per cent was found; whereas, 
in Syria it rose to 45 per cent. In the Djebel Druze district, a comparatively 
lower rate, namely, 26 per cent, prevailed among boys and girls fifteen years 
of age. In Egypt, where some 4,373,000 children and young adults were tested, 
the infection rate at fifteen was approximately 50 per cent, being usually higher 
among boys than among girls 

In North Africa, Algeria, and Morocco, in each place, more than two and a 
half million young people were tuberculin tested. In these two countries and in 
Tangier and Tunisia, the infection rate in the cities, even at age fifteen, was 
between 60 and 70 per cent, rising to 81 per cent among boys in Casablanca and 
to 86 per cent in Fés. For Casablanca city, separate figures on tuberculin sensi- 
tivity are available for Moslem, Israelite, and European schoolchildren. Among 
the last-named, at age fifteen, 42 per cent reacted; the children in the Israelite 
schools showed 69 per cent positive; and in the Moslem schools, 86 per cent. 
Here, in North Africa, especially in rural sections, the much lower infection rate 
among girls than among boys should be noted. In the rural section of Tangier, 
the first showed only 28 per cent infected at age fifteen, whereas the boys were 
47 per cent infected. Similarly, in Bizerte, 41 per cent of the girls reacted posi- 
tively, and 49 per cent of the boys. Veiling the face of the Moslem girl may well 
limit opportunity for spread of infection. 

* According to the WHO Tuberculosis Research Office, ‘In some areas (of India) non 
specific tuberculin sensitivity is so strong it cannot be effectively distinguished from specific 


sensitivity.’ 


‘ 
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In Malta, comparatively low rates of infection with tuberculosis were found 
among bovs and girls; also, in Greece, where 1,600,000 of various ages were 
tested, however, the infection rate in the cities rose to 55 or more per cent. In 
Yugoslavia, where more than 3,000,000 children and young adults were tested, 
4 most extensive BCG vaccination campaign was conducted and marked varia- 
tions in infection were found at age fifteen: 36 per cent in Slovenia, but 65 per 
cent in urban areas. Here the tendency for infection rates to be higher among 
girls than among boys was noted. 

In Montenegro, the infection rate was low, 40 per cent; but it was more than 
60 per cent in Bosnia-Herzegovina; in Croatia, 61 per cent; and, in Serbia, 66 
per cent. The excess in the female sex is to be found also in Czechoslovakia, 
where very large numbers of children and young adults were tuberculin tested; 
3,300,000; and, in Poland, 4,700,000. In Czechoslovakia, the infection rate was 
much lower in the Czech provinces (44 per cent) than in Slovakia (57 per cent) 

In Poland, some of the highest tuberculosis infection rates prevailed: the rate 
for both boys and girls aged fifteen was 78 per cent in Warsaw; in Lodz, 84 per 
cent; and, in Poznan, 85 per cent. In general, the rates among girls were slightly 
higher than among boys 

The widespread BCG campaigns in France or in the Seandinavian countries 
have deprived us of this index on the prevalence of infection, except in leeland 
where it was attempted only lately. For years, schoolchildren, seven to thirteen 
years of age, have been tuberculin tested on a comparatively broad scale in 
Iceland. In 1931, approximately 32 per cent reacted positively. In 1940, prac 
tically a decade later, the infection rate was reduced by half, namely, to 16 per 
cent; and, in 1950, again it was down to 8.6 per cent. BCG vaccination has not 
been advised in Iceland on the scale originally planned because of the rapid 
decline in the infection, morbidity, and mortality rates 

The National Tuberculin Survey of 1949-1950 in England and Wales (11) 
brought out the interesting information that in rural areas, because of failure to 


pasteurize milk as is now generally done in the cities, children in the country 
side of England and Wales had a higher infection rate, namely, 53 per cent, 
compared with rates between 38 and 51 per cent in urban areas. The children in 
four boroughs of London had rates averaging 3S per cent for boys, and 34 per 
cent for girls, fifteen years old. Mention, however, should be made here of the 


recent survey in the nearby borough of Edmonton, Middlesex (12) (a working 
class district where serious overcrowding is common), where the tuberculin test 
ing of children in the schools showed, at age fifteen, positive reactors among no 
less than 66 per cent of them 

In Eire (13), the recent limited tuberculosis surveys bring out, as suspected, 
the rarity of infection among boys and girls in rural areas, namely, rates as low 
as 12 to 18 per cent; but on the other hand, high in urban communities. The low 
indices in important areas of Eire and, therefore, limited contact with infection 
at home explain the marked susceptibility to progressive disease when Irish 
workers from such rural sections emigrate to crowded centers of population in 


England or in the United States 
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Tuberculin Reactors in North and South America 


In America, information on a nation-wide scale concerning infection rates is 
not readily available although, especially in the United States, any number of 
local tuberculin surveys have been conducted. Even so, during the period under 
consideration, it is interesting to see the reports, for instance in Ecuador, where 
nearly 650,000 children and young adults were tuberculin tested during 1950 
and 1951. The infection rate in rural areas at age fifteen was approximately 40 
per cent, but in Quito and Guayaquil it ranged between 60 and 75 per cent. 

In Uruguay (14), more than 200,000 children and young persons were tuber- 
culin tested between 1948 and 1951 in fifteen different departments of the coun- 
try; 35 per cent of those aged fifteen reacted positively. 

In Mexico, rates averaging approximately 50 per cent were found; even in the 
city of Vera Cruz, the rate was 52 per cent only among boys and girls aged 
fifteen 

In the United States, unusually low rates of infection are now found to prevail 
in New York City, the largest center of population with more than 8,000,000 
residents; especially in Manhattan, where extreme overcrowding prevails in 
poorer sevtions. At the same time, it must be recalled that more than 1,200,000 
Negroes and Puerto Ricans reside in that great city. And yet, among boys and 
girls fifteen years of age, residing in the boroughs of Manhattan, Bronx, and 
Brooklyn—the densely populated sections of the city —only 12 per cent reacted 
positively according to Robins and associates (15). As a matter of fact, this is 
less than half of what the rate was but a few years previously (28 per cent). In 
the residential borough of Queens, with a population of more than a million and 
a half, on an average, only 9 per cent of boys and girls fifteen years old have 
been found to react 


Low Infection Rate Among U.S. Navy Recruits 


The unique situation, now reached in the United States, with regard to low 
infection rates may be more closely studied in authoritative recent reports (16), 


especially among young men, aged seventeen to twenty, inducted into the United 


States Navy and Marine Corps. It should be noted in this connection that these 
recruits came from all parts of the United States: the populous East or the more 
sparsely settled sections of the West Coast, not to mention those living in the 
mid-West urban centers (table 10, part 1). The favorable condition of the re- 
eruits (only 10.6 per cent reacted positively to tuberculin in 1949 and 1950) is 
strikingly brought out by contrasting the results of similar tuberculin testing 
in a group of service inductees in England, Wales, and Scotland at the time of 
the National Tuberculin Survey by the Medical Research Council. In the latter 
group were included some 3,500 servicemen eighteen to twenty years of age at 
entry; 66 per cent, or two-thirds of them, reacted positively to tuberculin. 
Further detailed figures are at hand by courtesy of the Surgeon-General of 
the United States Department of the Navy, permitting the comparison of the 
infection figures on an annual basis from 1949 to 1954. During these six years 
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TABLE 10 (Part 1 
Resecrs or Tupercunin Tests Barrish anp American MILiTary Recrvurrs, 
1949 ann 1950 


Positive Reactors 


Number Per Cent 


Engand, Wales and Seotland* 

Service men on entry, 18-20 years 3.450 224 «65.6 
United States: 

Navy and Marine recruits, 17-20 years 157,081 16,711 10.6 


Reactors, English, 644%; Welsh, 66 7%; Scotch, 75.4% 
Test: British, tuberculin jelly-test = Mantoux 10 T.U.; American, 0.0001 mg PPD 
* National Tubereculin Survey, Medical Research Council 
+ Figures by courtesy, Bureau of Medicine and Surgery, United States Department of 


the Navy 


TABLE 10 (Part 2 
Resutts or Tupercunin Tests* Recrurrs Mipsmirment, Unirep 
Srares Navy anp Marine Corps, 1949-1954 
Type of Keaction 
Total Tested 


Negative Doubtful Positive 


10,510 S24 3.90 = 8.99 
1050 7 99,151 S35 ,742 = 11.3% 
1951 78, 242,048 6,933 si = 10.4% 
1952 234, 5A7 6, 406 225 = 10.1% 
1953 ‘ 128 , 503 1,034 203 = 5.3% 
1054 144,200 1,313 092 = 4.6% 


* 0.0001 me. PPD 

+t Seventeen through twenty years of age 

Figures by courtesy, Bureau of Medicine and Surgery, United States Department of 
the Navy. 


nearly one million young men, white and colored, were tuberculin tested by the 
same authority. Up to 1952, the proportion who reacted positively oscillated 
between 9 and 11 per cent. In 1953, it was only half of what it was before, 5.4 
per cent. And, by 1954, only 4.6 per cent of these young Americans could be 
shown to be infected with tuberculosis. It is difficult, therefore, to restrain Trom 
repeating the observations of a responsible official of the United States Publi 
Health Service, in the light of the situation here, who said, “Why should we now 
infect our youth with tuberculosis —BCG?”" 

Another point which can well be made in connection with the current dis 
cussion of the influence of the antimicrobial drugs on tuberculosis is that, 
even though there are occasional disappointments in their use in the treatment 
of tuberculosis, it is becoming obvious from the declining infection rate that not 


only are mortality and morbidity being reduced but, at the same time, the num- 


= 
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ber of infectors remaining in the community must be fewer in number than 
previously 
SUMMAKY 


During the seven years from 1947 to 1953 the most rapid decline in tubereu 
losis mortality the world has ever seen has taken place. 

In fifteen countries and the Commonwealth of Puerto Rico for which both 
mortality and morbidity reports are available, the fall in the death rate has 
ranged from 53 per cent in France to 83 per cent in Iceland 

Morbidity reports show a lesser rate of reduction, the case rate being now 20 


per cent lower in five of the fifteen countries and one commonwealth referred 


to above: but, there is record of an actual increase during the period under con- 
sideration having occurred in Eire; perhaps, also, in Australia 

The acceleration lately in the fall of the tuberculosis death rate ts due pri- 
marily to improvement in the treatment of the disease because of the availabil 
ity of antimicrobial drugs, such as streptomycin, para-aminosalicylic acid, and 
isoniazid, along with more successful surgery 

The ultimate measure of progress against tuberculosis should be the absence 
of infection. Tuberculin tests in various parts of the world show that boys and 
girls at age fifteen still react positively from 12 per cent in Lebanon or 1S per 
cent in rural Eire to 85 per cent in Polish cities. In 1954, among some 150,000 
recruits in the United States Navy and Marine Corps, 95 per cent reacted nega- 
tively to the tuberculin test 

Finally, because of the sharpness in the decline of tuberculosis mortality, it 
would be unwarranted to conclude that tuberculosis is no more a major health 
problem. Taking only the United States, the British Isles, France, and Germany 
in 1953 alone, 340,416 new cases of tuberculosis were reported. If in addition to 
these cases, account be taken of old and previously known cases (conservatively 
estimated at three times the new cases), it can readily be seen that in just these 
four countries there were, that year, more than one million known cases of active 
tuberculosis 

SUMARIO 


LZAdonde Tuberculosta? Los Primeroa Siete Afios de la Era Infihiotica 1947 1963 


Durante los siete aflos transeurridos de 1947 a 1953 ha tenido lugar la baja més rapida de 
la mortalidad tuberculosa 

En quince paises y en el Estado Libre Assoc indo de Puerto Rico para los que se cuenta 
con datos tantode mort slidad como de morbidad, el descenso de la mortalidad ha v smiade de 
por erento en Francia SS por crento en Islandia 

las estadisticas de morbidad muestran una tasa menor de reduccién, siendo hoy dia el 
indice de casos 2 por ev nto ois bajo en cineo de los quince paises \ en le estado libre 
assocrde mencronados pero hay datos de un aumento sgude en Irlanda durante el 
periode bajo consideracién; y quizés también en Austratia 

La reciente aceleracién de la baja de la mortalidad tuberculosa se debe primordialmente 
al perfeecionamiento del tratamiento de la dolencia por contarse con drogas espectieas 
tales como estreptomicina, deido para -aminosalicilico y las niacidas, a la vez que al mayor 
éxito de la cirugia 

La demostracién definitiva del adelanto logrado contra la tuberculosis debe ser la falta 
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Las pruebas tuberculinicas eyecutadas en varias partes det mundo revelan que 


de infeecwn 
ala tuber ulina en 


nifios v nifias de quince anos de edad todavia reaccionan positivamente 


una proporeion que varia de 12 por crento en el Libano o IS por crento en los distritos rurales 


de Irlanda a 85 por ciento en las ciudades polacas 
bin 1054, entre 150.000) reclutas de la Armada \ del Cuerpo de Marinos de los bistados 


Unidos, 95 por ciento reaccionaron negativamente a la prueba de la tubereculina 


Por fin, no estaria justificado deducir, por el bruseo descenso de la mortalidad tubereu 


va no constituye un problema de primera magnitud, los best 


losa, que la tuberculosis 
solamente en 1053, se denunciaron 340,416 


Unidos, las Islas Britann us I rancia \ Alemania 
casos nuevos de tuberculosis ademas de éstos se consider ati lows « vacono 
cidos que se caleula conservadoramente son ¢ lL triple de los casos nuevos puede notarse 
fAcilmente que solo en esos cuatro paises habia en dicho aflo mas de un millon de casos cone 


ecidos de tuberculosis activa 


RESUME 


Ona en eat la tuberculose? les sept premieres annes de Vantihrotique 1947-1963 


Au cours des sept années de 1947 A 1953. le déclin le plus rapide de la mortalité tuber 


culeuse s'est produit 
Puerto Kico pour lesquels on dispose a lu lois dle 


Dans quinze pays et e’état de 
rapports sur la mortalité et ln morbidité, la chute du taux de mortalité s’échelonne entre 


53% en France et SS pour cent en Islande 


Les statistiques de morbidité montrent un taux de réduction plus bas, le taux des cas de 


tuberculose étant maintenant réduit de 20 pour cent dans cing des quinze pays et e état 


de Puerto Rico mentionnés; toutefois, dans la période considérée, on a enregistré un acero 
issement en hire, et peut étre aussi en Australie 

L’uceélération récente du taux de mortalité de la tubereulose est prineipalement due a 
’amélioration du traitement de l’affeetion par les médicaments spécihiques dont on dispome 


tels que streptomycine, acide paraaminosalicylique et niazides, en méme temps que pat 


Vemploi de procédés chirurgicaux plus favorables 

La mesure ultime des progrés contre la tuberculose doit étre absence d’infeetion. Les 
tests A la tuberculine, dans les diverses parties du monde, montrent que les gargons et lew 
filles Agés de quinze ans ont encore une réaction positive a la tuberculine, qui varie de 12 
pour cent au Liban ou IS pour cent en Eire rural ASS pour cent dans les villes de Pologne 

En 1954. sur 150.000 reerues de I’ “United States Navy Marine Corps’, 95 pour cent des 
reactions A la tuberculine étaient négatives 

Enfin, le déclin brusque de la mortalité par tubers ulose ne permet pas de conclure que 


la tuberculose a ceasé d’étre un probléme sanitaire majeur, Aux Ftats-Unis, dans les Hes 


Britanniques, la France et l’Allemagne, pour 1953 seulement, 340416 nouveaux cas de 
tuberculose ont été enregistrés. Si, en plus de ceux ci, on tient compte des cas ancens re 
connus anténeurement qu'une évaluation modérée porte au triple des cas nouveaux il 


est facile de voir que, pour ces quatre pays seulement il ivait cette année lA plus d'un 


million de eas reconnus de tuberculose en a tivité 


know le dg nents 


Appreciative acknowledgments are due, particularly, to the following suthorities who 
made available thei latest tuberculosis data troentina Dr. Hor cio FF. Mayer, President 


Association for the Study of Transmiseitle Diseases {ustratiia, Carver, As ting 


ernment Statistician, Commonwealth Bureau of Census snd Statisties; Canada, Dr. Kobert 


Kohn, Chief, Publi Health Section, Dominion Bureau of Statistics, Ceylon 
CGoonewardene, Organizing Secretary, National Association for the Prevention of Tubereu 
losis: Denmark, Miss Marie Lindhardt, Chief, Statistical Section National Health Service 
Eire, General Register Office; England Wales, Dr. Norman Smith, Sensor Medical Officer 


Ministry of Health: Finland, Valter Lindberg, Direetor-in-Chief, Central Statistical 
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Office; France, Dr. A. Lotte, Chief, Tuberculosis Section, Institut National D’Hygiéne; 
Germany, Prof. Dr. H.C. lekert, Seeretary-General, German Central Committee for the 
Fight against Tuberculosis; /celand, Dr. Sigurdur Sigurdsson, Medical Director of Tuber 
culosia Control; Luzemburg, A. Bastian, Chef de Service, Office de la Statistique Générale; 
Mexico, Dr. Donato G. Alarcon, Office of the Tuberculosis Campaign, Ministry of Public 
Health; New Zealand, D. F. Rastcott, Medical Statistician, Department of Health; Northern 
Treland, Dr. B. RK. Clarke, Northern Ireland Tuberculosis Authority; Norway, Miss Julie E 
Backer, Chief Demographic Section, Central Bureau of Statisties; Puerto Rico, Dr. Juan 
A. Pons, Secretary of Health, Commonwealth of Puerto Rico; Scotland, W. Robertson, 
Statistical Officer, Department of Health; Spain, José Ros Jimeno, Chief of Services of 
Studies, National Institute of Statistics; Sweden, Dr. John Lundquist, Secretary -General, 
Swedish National Association against Tuberculosis; United States, Public Health Service, 
Department of Health, Edueation and Welfare; and the Epidemiological and Vital Sta 
tistics Section of the World Health Organization 
Thanks are also owed to Dr. H. R. Edwards, the executive director of the New York 
Tuberculosis and Health Association at the time of this study, for his careful review of the 
data and interpretation of the reports presented 
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INTRODUCTION 


Changes in pulmonary function following uncomplicated lung resection are 
commonly believed to be proportionate to the amount of tissue removed. Various 
writers appear to disagree, however, with respect to the direction and degree of 
these changes. 

Smith, Siebens, and Storey (1) studied fifty-one patients who had resections 
for bronchiectasis and concluded that the operation produced a ventilatory loss 
proportional to the extent of resection. Woodruff, Merkel, and Wright (2) 
pointed out that it is the amount of healthy lung removed which determines the 
degree of impairment. Frequently, when excision is limited to a contracted dis- 
eased wedge, segment, or lobe, very little reduction in functional capacity re- 
sults. Kelley and Pecora (3), in a study of forty-one resections for tuberculosis, 
reported a definite improvement in maximum breathing capacity (MBC) with 
removal of two, three, or four segments, a loss appearing only after excision of 
more than four segments. Landis and Weisel (4) also reported gains as well as 
losses in function following small segmental and wedge resections for tubercu 
losis. Etsten, Overholt, Walker, and Reynolds (5), in a postoperative study of 
resections for bronchiectasis, found that the maximum breathing capacity tended 
to approach the predicted level in the uncomplicated cases in direct relation to 
the number of healthy segments preserved. 

The influence on postoperative pulmonary function of a space-filling thoraco 


plasty performed during, or at an interval after, resection is not well defined, 
Woodruff and associates (2) state that a tailoring thoracoplasty has little effect 


on function. 

It was the purpose of the present study to determine the relationship between 
function change and amount of lung tissue removed and to observe the possible 
effect of a staged space-filling thoracoplasty. 


MATERIALS AND METHODS 
Clinical Material 


Seventy-four patients who had unilateral resections for pulmonary tubercu 
losis between November, 1949, and December, 1954, were selected for study. 


' From the Surgical Service and The Pulmonary Physiology Laboratory, Veterans Ad 
ministration Hospital, Rutland Heights, Massachusetts 

? Presented before the Medical Session, as part of Section 64H, at the annual meeting of 
the National Tuberculosis Association, Milwaukee, Wisconsin, May 25, 1055 

2 Present address: 67 Bay State Road, Boston, Massachusetts 
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Seventy-three of the patients were males and their ages varied from 21 to 60 
years, with a mean of 33.1 years. Thirty-five patients had only the resection pro- 
cedures, 31 had space-filling thoracoplasties as a separate operation after the 
resection, and 8 had had surgical collapse procedures at some time prior to the 
resection. The amount of lung tissue excised varied from one segment to an en- 
tire lung; three to five segments were removed from most of the patients. 

Many variables which might have some influence on the function results exist 
in this group of patients. During the period of study, improvements in chemo- 
therapy, operative technique, and the methods of pre- and postoperative man- 
agement took place. Different surgeons operated with minor variations in tech- 
nique. Of necessity, these variables had to be accepted. Patients with major 


complications were not included 


Methods 


Ventilatory measurements, including maximum breathing capacity, walking ventilation, 
and vital capacity, as well as bronchospirometry, were performed on all patients before 
surgery, in most cases within two weeks of the operation. These tests were repeated on 
an average of 5.3 months after surgery. Ten patients were studied from one to two months 
postoperatively; in the remaining 64 the interval after surgery was 2 to 33 months 

Ventilatory tests on all but 7 patients were performed by the same technician, The same 
equipment and methods were used for all tests 

Maximum breathing capacity was performed with the subject in the sitting position 
breathing room air for 30 seconds through a low resistance valve (Hans Rudolph). The ex 
pired air was collected in a meteorologic balloon and the volume measured in a Tissot 
spirometer. The maximal of three efforts corrected for BT PS* was reported in liters per 
minute 

Vital capacity was measured directly on a Collins Vitalometer with the subject in the 
sitting position. The best of three efforts was recorded in milliliters 

Walking ventilation was performed by the method deseribed by Warring (6). The sub 
ject walked for three minutes at the rate of 180 feet per minute, breathing room air through 
a low resistance valve. The expired air was collected in a meteorologic balloon and measured 
in Tissot spirometer, The result, corrected to BT PS, was expressed in liters per minute 

Bronchospirometry was performed on fasting subjects premedicated with pentobarbital, 
atropine sulfate, and morphine sulfate or Demerol * in appropriate doses. A double-lumen 
flexible rubber catheter was introduced with the aid of a laryngeal mirror after satisfactory 
topical anesthesia was obtained with Pontoeaine * 1 per cent oropharyngeal spray, and 0.25 
per cent tracheal instillation. A Gebauer (7) catheter was used for the first 14 patients; the 
remaining 60 patients were studied with a Carlens (8) catheter. Correet positioning of the 
catheter was confirmed in every case by roentgenography, fluoroscopy, or auscultation. The 
subject, in the supine position, breathed an oxygen-rich mixture from a MeKesson twin 
recording spirometer. Two three-minute tracings were obtained at each examination 
Ventilation rate, oxygen uptake, and lung volume subdivisions were measured directly, 
and the per cent contribution to the over-all function by each lung was computed. Values 
for the per cent ventilation, per cent vital capacity, and per cent oxygen uptake con 


tributed by the operated side were selected for analysis 


RESULTS 


The pulmonary function measurements are summarized in table 1. It seemed 
advisable, as a first step, to separate the patients into subgroups A, B, and C, 


* Body temperature, ambient pressure, and saturated with water vapor at body tem 


perature. 
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dependent on whether or not the patient had had a thoracoplasty and whether 
it was performed before or after resection. 

In order to evaluate the influence of the thoracoplasty, subgroups A (no thora 
coplasty) and B (thoracoplasty performed after excision) were compared in those 
patients who had two, three, or four to five segments removed. The results of 
this comparison are graphically illustrated in figures 1, 2, and 3. [t is apparent 
that the mean changes were essentially the same whether or not a thoracoplasty 
was performed. The few patients in subgroup C (previous thoracoplasty) were 
omitted from the comparison figures; the changes following resection in this 
subgroup were very similar to those observed in subgroups A and B. Since statis 
tical analysis confirmed these impressions, it was justifiable to combine all three 


~ 


2 Segments 5 Segments 4-5 Segments 


1. Maximum breathing capacity: effeet of space filling thoracoplasty 


2 Segments 5 Segments 
a.- @-..-- a..— 
Fic. 2. Vital capacity: effect of space filling thoracoplasty 
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VENTILATION 
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wal capacity 
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2 Segments 5 Segments 4-5 Segments 


kia. 3. Bronchospirometry: effect of space-filling thoracoplasty 


subgroups in the analysis presented in table 2 in which the purpose was to com- 
pare the effect of the removal of increasing numbers of lung segments 

The mean preoperative maximum breathing capacity values varied from 130.1 
liters per minute in the one-segment group to 92.4 liters per minute in the ten 
segment group. There was great variability of individual values, as indicated by 
the ranges for each group. The means and ranges did not differ much for the 
several groups, except possibly for the ten-segment category. The preoperative 
results, therefore, show a fair degree of uniformity with respect to the ventilatory 
capacity of the patients before operation 

The maximum breathing capacity results are presented graphically in figure 4. 
It is apparent in the figure, as in table 2, that there was on the average no change 
in ventilatory capability after a one- or two-segment resection. In other words, 
patients who lost function were evenly balanced by patients who gained 

Patients with three to seven segments removed had on the average approxi 
mately a 15 per cent reduction of maximum breathing capacity. Here again, 
some patients gained while most of them lost. Only in the six- to seven- and 
ten-segment groups were there no patients who showed a gain in maximum 
breathing capacity, and only in the last group was the average loss slightly 
greater 

Because of the many factors, some known and others unknown, which enter 
into the interpretation of pulmonary function tests, biostatistical assistance was 
sought in evaluation of the data. The results were examined by the methods of 
variance and covariance analysis. In evaluation of significance, it is assumed 
that a result which will occur by chance more often than five times in a hundred 
(P > 0.05) is not significant 

By these methods, it was found that the variation of maximum breathing 
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Fic. 4. Maximum breathing capacity all cases 


capacity values before surgery did not significantly relate to the number of seg- 
ments removed or the amount of pre-existing disease. When the losses of pul- 
monary function following resection were related to the corresponding preopera 
tive values, significant variation of function loss in the different groups occurred 
(O01 < P < 0.05) 

The vital capacity data of table 2 are presented in figure 5. The mean pre- 
operative values, ranging from 4,212 ml. in the one-segment group to 3,110 ml, 
in the ten-segment group, had a significant relationship to the number of seg- 
ments removed and correlated with the amount of disease present (2? < 0.01). 
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Fic. 6. Bronchospirometry —all cases 


Loss of vital capacity was quite similar in the several groups except for being 
larger in the ten-segment group. 

The bronchospirometric data of table 2 are shown in figure 6. The mean values 
show a slight shift of function to the opposite side in all categories of comparison. 
The degree of function shift failed to vary with the amount of tissue resected 
except, of course, after pneumonectomy. 

Changes in walking ventilation were minimal and therefore are not tabulated 
The mean preoperative value was 16.9 liters per minute and the mean change 
was an increase of 0.26 liters per minute. Only 7 patients had changes in excess 


of 5 liters per minute 


DISCUSSION 


In evaluating the results of this study, the limitations inherent in the pul- 


monary function tests must be recognized. The accuracy of such tests in reflect 


ing true alterations of lung function is limited by several factors. The vital 
capacity and maximum breathing capacity are subject to day-to-day variations 
of motivation, to errors of measurement, and changes of respiratory muscle capa 
bilities, as well as to alterations of the lung itself. Moreover, no aspect of pul 
monary function is entirely uninfluenced by changes elsewhere in the thorax 
unless the mediastinum happens to be completely rigid 

Some of the factors listed above are of particular pertinence in evaluating pre 
and postoperative function. Tuberculous patients, accustomed as they are to a 
regimen of restricted activity, are likely to be inhibited from maximum effort 
when asked to perform the violent and exhausting maximum breathing capacity 
test. By resection, the patient may lose, not only his diseased lung segments, but 
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ilso his fear of maximum effort; he may also feel better and be more highly 
motivated for the post-surgical test. On the other hand, some normal lung tissue 
is lost even in the best resection, and the healed thoracotomy wound itself may 
inhibit the more strenuous respiratory gymnastics. 

In spite of the presence of these factors which lead to variability in the re 
sponses of individual patients, it is apparent that most group averages were 
definitely altered by surgery. The statistical analysis in general amplified and 
substantiated the trends suggested by the averages 

The maximum breathing capacity involves the degree of motivation, respira 
tory muscle power and endurance, resistance to air flow, mobility of the thorax, 
and only to a moderate degree the volume excursion of the lungs during the 
maximum breathing capacity test. Since each tidal stroke in the performance of 
the test involves no more than half the vital capacity (9), one should not expect 
much, if any, change due to pulmonary factors if only a few segments are re 
moved. This is indeed true for the one- and two-segment groups but is not so for 
the remainder. This suggests that significant quantities of normal lung were re- 
sected in the latter groups in order to include scattered disease foci 

Among factors influencing the vital capacity, many are similar to those affect- 
ing the maximum breathing capacity; however, pulmonary distensibility takes 
the place of resistance as the most important intrapulmonary factor. If other 
factors were constant, change in vital capacity should be the most sensitive 
index of the amount of functional lung tissue excised. This did not prove to be 
the case 

Vital capacity measurements prior to resection indicated a significant correla 
tion with increasing extent of disease. The postoperative changes, however, did 
not differ significantly among the groups. The degree of loss appeared to be un 
related to the increasing volume resected, suggesting the influence of other more 
constant factors. Since vital capacity measurement is influenced greatly by chest 
wall mobility, the similarity of these changes may be a result of altered chest 
dynamics imposed by the thoracotomy alone. This observation is further am 
plified by the group with pre-resection thoracoplasty in whom the mean pre 
operative vital capacity values were lower than those in comparable groups, but 
who demonstrated less loss following resection. Smith and associates (1) have 
suggested the importance of the “thoracotomy effect." The present writers be 
lieve that such an effect may obscure whatever loss may result from the selective 
removal of diseased lung segments 

In bronchospirometry one may expect to find a shift of function to the un 


operated lung, as was uniformly demonstrated in the present results. Woodruff 


and associates (2) state that the remaining lung on the operated side almost 
invariably participates more in ventilation than in oxygen uptake. In the two-, 
three-, and four to five-segment groups, this relationship was present but only 


to a slight degree 


SUMMARY 


The results of pre- and postoperative ventilatory and bronchospirometric 
studies performed in 74 patients with unilateral pulmonary resection were 
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examined. Despite many uncontrollable variables inherent in these function 
tests, certain inferences appear warranted concerning the influence of resection 
on pulmonary function 

The preoperative maximum breathing capacity values were not proportionate 
to the number of segments removed or to the amount of pre-existing disease 

The average postoperative maximum breathing capacity was not changed in 
the groups in which one and two bronchopulmonary segments were resected ; it 
was reduced approximately 15 per cent im those who had three to seven segments 
removed: and was reduced by 21 per cent in the pneumonectomy group 

Preoperative mean vital capacity figures reflected the extent of pre-existing 
disease, but the postoperative losses were remarkably similar in all groups except 
the pneumonectomy group, and the average loss was approximately 20 per cent 
This nearly constant loss may reflect alterations due to thoracotomy alone, which 


may obscure smaller changes due to removal of diseased lung segments 
Bronchospirometric data showed a slight shift of funetion to the opposite side 


in all categories of Comparison 
The function changes resulting from resection alone were not significantly 
influenced by the addition of a post-resection thoracoplasty 


SUMARIO 
La Funcién Pulmonar Antes y De apues de la Reseccién de Seqmentos T uberculosos del Pulmon 


ddianse aqui los resultados arrojados por los estudios ventiladores broncos pire 
métricos ejecutados pre- y postoperatoriamente en 74 enfermos sometidos a la reseeeon 
pulmonar unilateral. A pesar de mue has variables ingobernables que son inherentes en 
estas pruebas funcionales, parecen justifieadas ciertas inferencias aceren del influjo de la 
reseccion sobre la funcién pulmonar 

Los valores preoperatorios de la capacidad maxima respiratoria bo guardaron proporeion 
con el ndmero de segmentos resecados 0 con la magnitud de la enfermedad preexistente 

promedio postoperatorio de la capacidad respiratoria no varie en los grupos 
en que se resecaron dos segmentos brone opulmonare Disminuyd aproxim sdamente 
15 por ciento en aquéllos en que se extirparon de tres a siete segmentos; y 21 por erento en 
el grupo de la neumonectomia 

Las cifras preoperatorias de la capacidad vital media reflejaron la extensién de la enter 
medad preexistemente, pero las pérdidas postoperatorias ostraron Una semejanza notable 
en todos los grupos excepto el de la neumonectomia, | la pérdida media representé aprox 
madamente 20 por ciento. Esta pérdida casi constante quizhs refleye alleraciones debidas 
exclusivamente a la toracotomia que acaso eclipsen alteraciones menores debidas a la 
extirpacién de los segmentos pulmonares enfermos 

Los datos broncospirométricos revelaron una ligera desviacion de la funcién al lado 
opuesto en todas las clases de comparacion 

Las alteraciones funcionales provenientes solamente de la reseccién no fueron afect ulas 


significativamente por la adiedn de una toracoplastia post reseecion 


VME 
La fonction p slmonaire avant et apres resection de seqments pulmonaires tuberculeur 
Les résultats pré et postopératoires d'études bronchos pirométriques et de la fonetion 
de ventilation pratiquées dans 74 cas de résection pulmonaire unilatérale sont ex uminés 
ken dépit de nombreuses variables incontroélables. inhérentes A ces tests fonctionnels, cet 
taines interférences en relation avec l'influence de la résection sur la fonetion pulmonaires 


mraissent justifiées 
J 


= 
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Les valeurs de la capacité respiratoire maxima préopératoire a’étaient pas proportion- 
nelles au nombre de segments réséqués ou 4 |'étendue des lésions préexistantes 

La capacité respiratoire maxima postopératoire moyenne n'est pas modifiée dans les 
groupes of la résection comprenait un ou deux segments pulmonaires, elle était réduite 
d’environ 15% dans les groupes ayant eu de trois A sept segments réséqués et de 21% dans 


le groupe soumis A la pneumonectomie 
Les chiffres de la capacité vitale moyenne préopératoire refiétaient |'étendue des lésions 
préopératoires, mais le déficit moyen postopératoire était remarquablement semblable 


dans tous les groupes, sauf dans celui de la pneumonectomie, et le déficit moyen s’élevait 
approximativement A 20%. Ce déficit presque constant peut traduire la présence d’altéra- 
tions imputables A la thoracotomie seule, qui pourraient rendre imperceptibles des modi- 
fications plus réduites causées par la résection de segments pulmonaires altérés 

Les données de la bronchospirométrie montraient un faible d‘placement de la fonction 
vers le e6té opposé dans toutes les catégories de comparaison 

Les modifications fonctionnelles résultant de la résection seule n'étaient pas influencées 


de fagon significative par l’adjonction d’une thoracoplastie post résectionnelle 
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INTRODUCTION 


Adequate mixing and distribution of tidal ventilation in the lungs are at least 
as important for the proper aeration of pulmonary blood as the maintenance of a 
sufficient respiratory volume. Frequently, ventilation may appear to be quite 
adequate in quantity and yet respiratory gas exchange can be seriously impaired 
due to the inferior quality of ventilation with regard to its regional distribution 
and mixing in the alveolar spaces. 

The need for a more definite estimate of the quality of ventilation in the 
clinical evaluation of pulmonary disease has been clearly recognized since the 
investigations of Cournand and others (1, 2) emphasized the high incidence of 
ineffective ventilation in many cardiopulmonary ailments. The “index of intra 


pulmonary mixing” introduced by Darling and associates (3), which represents 


the nitrogen concentration found in alveolar samples after breathing oxygen for 
seven minutes in an open system, has been widely adopted for this purpose. 
Certain limitations of this method are evident, however, in that the measure 
ment does not take into account individual differences in lung volume and in the 
magnitude of ventilation. The “single breath’? method of Fowler (4) employs 
the nitrogen meter to describe graphically changes in nitrogen concentration in 
the course of expiration after one breath of oxygen and provides a useful screen 
ing procedure to detect the presence of unequal alveolar ventilation. A number 
of valuable investigations concerning the mechanism of normal and abnormal 
intrapulmonary mixing have contributed greatly to our knowledge of alveolar 
ventilation in recent years (5-9). In these comprehensive studies, detailed graphic 
analyses were made of the dilution rate or mixing rate of an inert gas, either 
nitrogen or helium, in healthy persons and patients with various formes of pul 
monary disease. 

\ method based on the same principles is described in the present report. The 
clearance of pulmonary nitrogen while breathing oxygen is used to obtain a 
reliable measure of ventilatory efficiency by a procedure simple enough to be 
employed in routine pulmonary function tests. 
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METHOD AND PROCEDURE 


The arrangement used in the present study is illustrated in figure 1. This is 
similar to that described by Darling (10) for the determination of the residual 
volume 


Prior to each test the entire system is flushed out thoroughly with tank oxygen under 
control with the nitrogen meter. In the first part of the test, the subject comfortably 
seated. breathes rdfm air through manifold A and the flutter valve exhaling into the room 
direetly by manifold B. The nitrogen concentration during the entire respiratory ¢ yele is 
recorded continuously via the needle valve C. After several minutes, manifold A is turned 
to the oxygen souree during normal exhalation and manifold B is directed to the spirome 
ter during the following inhalation without disturbing the respiratory pattern of the sub 
ject. Thus the air contained in the lungs at the end of normal expiration, plus that in the 
valve and mouthpiece, is introduced into the system The nitrogen therein is subsequently 
collected in the spirometer with the total respiratory volume exeept for 30 ml. per minute 
which are diverted from the needle valve to the nitrogen meter, The movements of the spi 
rometer are transmitted electrically to an oscillograph recorder simultaneously with the 
continuous tracing from the nitrogen meter. The test is terminated when the end-expiratory 
nitrogen fraction is reduced to 0.01 or less, as indicated on a dial instrument connected in 
parallel with the recording galvanometer In healthy subjects this point is reached after 
three to «ix minutes on oxygen. In pathologic cases, as long as fifteen minutes may elapse 
In such instances the recording of nitrogen elimination is continued after the spirometer 
has been filled to its capacity (100 liters), and respiratory volume ts either extrapolated 
for the remaining period on the basis of the average measurements obtained on the record 
previously or collected ina Douglas bag. In the large majority of clinical cases, however, 
a test of ten minutes’ duration is sufficient to obtain the required end point of pulmonary 
nitrogen clearance 

The functional residual capacity (FRC) is then calculated from the volume of nitrogen 
collected in the spirometer and the difference between the end-expiratory nitrogen fraction 
at the beginning of the test breathing air and at the end of the test breathing oxygen, as 
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Fic. 2. Pulmonary nitrogen clearance in a normal subject. Read from right to left. In 


“Seale IL nitrogen meter output is amplified by a factor of 10. The arrow indicates 0.01 


fraction of nitrogen in end-expiratory gas 


measured from the record. In this manner no voluntary respiratory maneuvers, sue h as 
forced expiration to obtain alveolar samples, are required of the subject. The nitrogen con 
centration in the spirometer is determined both by chemical analyses (van Slyke) and with 
the nitrogen meter. Agreement between the two methods was found to be within 0.001 
0.1 volume per cent). Gaseous nitrogen eliminated from the blood and tissues with the 
exhaled gas was taken into account in the calculation of functional residual capacity by the 
correction proposed by Cournand and associates (11), based upon the body surface area of 
the subject and the duration of the test 

The course of pulmonary nitrogen clearance as reflected in the expired gas is demonstrated 
by an original record reproduced in figure 2. The sensitivity of the nitrogen meter is in 
creased by a factor of 10 after the end-expiratory nitrogen level drops below 0.1 fraction 
This permits a more precise distinetion of pulmonary nitrogen clearance from the nitrogen 
originating from the blood and tissues which continues to give a measurable deflection for 
a period of more than an hour. This transition is clearly marked in most instances by a 


change in slope of a curve drawn through the end-expiratory nitrogen level. It was found 


empiri ally that in more than 0) per cent of the cases observed, the end point determined 
graphically fell within the range of 0.010 and 0.014 fraction of nitrogen in the end-expiratory 


gas. In those few instances in w hich the end point of pulmonary nitrogen clearance could 


not be defined graphically, the 0.01 level was accepted arbitrarily by calibration While it 
is understood that the nitrogen concentration at the end of normal expiration does not 
necessarily represent its mean level in the alveoli certainly not in advanced emphysema 
it is believed that changes in the end expiratory tuitrogen traction reflect changes in the 
mean alveolar concentration in true proportion provided that respiratory rate ind tidal 
volume remain reasonably constant. Nevertheless, it is realized that, in using the end 
expiratory nitrogen Traction as a tentative incieator of pulmon ry nitrogen clearance, one 
tends to underestimate rather than overestimate deficiencies in mixing and distribution in 
the lungs. In view of practical expedience, however, this error is considered acceptable 

Since nitrogen elimination from the lungs is primarily a function of ventilation with 
oxygen, the total ventilation required to clear the lungs to the chosen end expiratory nitro 
gen level (0.010 to 0.014) was used as an over-all measure of ventilatory efficiency. This 
criterion, referred to in the following as clearance ventilation, proved to be more reliable 
than merely the time or number of breaths recorded, as used in previous studies of this 
nature 

The clearance ventilation is directly proportional to the lung volume under ventilation 
ie., the FRC, and inversely related to the effectiveness of ventilation. Thus, a person 


with an unusually large FRC will require a relatively high clearance ventilation even 


fa 
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assuming complete and instantaneous mixing in the lungs. In order to detect the presence 
and to quantitate the extent of inadequate mixing and uneven distribution, it is necessary 
to eliminate the lung volume as a variable by relating the clearance ventilation to the FRC 
of each subject. The value obtained 


total clearance ventilation (liters) 
~ clearance equivalent‘ 
FRC (liters) 


represents the ventilation which is equivalent to the clearance of one liter of the functional 
residual capacity to an end-expiratory nitrogen fraction of 0.01 

The clearance equivalent provides a measure of ventilatory efficiency most useful in com 
paring subjects with widely different lung volumes or in evaluating changes in the same sub 
ject whose lung volume has changed due to pathologic processes or therapeutic measures 
A similar concept was first proposed by Wolfe and Carlson (12) who used the reciprocal of 
the clearance equivalent as a pulmonary mixing index obtained in a closed rebreathing sys 
tem with oxygen. It must also be considered that, since only that portion of each tidal vol 
ume which penetrates into the depth of the lungs becomes effective in the clearing process 
in the alveoli, both the clearance ventilation and the clearance equivalent may be markedly 
affected by the relationship anatomical dead space DS) to tidal volume (TV Thus a high 
DS/TYV ratio is associated with « large clearance ventilation, signifying reduced ventilatory 
efficiency and vice versa 

In certain instances it may be desirable to differentiate between the dead space effect 
and true intrapulmonary mixing impairment. If the dead space is known or estimated, the 


alveolar clearance equivalent can be derived as follows 


Ds 

clearance ventilation{ 1 TV 
alveolar clearance equivalent = —— 
FRO DS 


For clinical purposes, however, the general clearance equivalent is preferable to the 
alveolar clearance equivalent as the more comprehensive criterion of ventilatory efficiency 
In addition to the determination of the functional residual capacity and the nitrogen 
clearance ventilation and equivalent described above, the following other measurements of 
pulmonary funetion were taken routinely on all control subjects and on as many clinical 
patients as their condition would permit 
Resting breathing pattern, vital capacity, inspiratory capacity, and expiratory 
reserve volume from the spirogram on a 9-liter spirometer 
Fast vital eapacity to obtain 1-, 2- and 3-second fractions of total vital capacity 
Maximal breathing capacity for twenty seconds with a low resistance valve and 
Douglas bag 
Respiratory minute volume and gas exchange while walking at 2 m.p.h. on the 
level treadmill (average oxygen consumption 0.700 liter per minute) 
Ventilation reserve for standard exercise 
exercise ventilation per minute 


ventilation reserve = | 
maximal breathing capacity per minute 


Ventilation equivalent for oxygen during exercise 
RESULTS 
Normal Subjects 
The healthy subjects for the control group were chosen with a view to obtain- 
ing a wide range of normal variation in age, sex, and body build. It is hoped, in 


* No correction is made here for the small amount of nitrogen cleared from blood and 


tissues during the test period 
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TABLE 1 
Mean Vatues Sranvarp Deviations ror VENTILATORY FUNCTION ON 
Twenty Mates ano Twecve Heacruy Femaces rrom TWeive ro 
FourTeen Years or 


Control group, 12-4 years 
Volume Nitrogen Clearance 


R\ 


re Ventilation Equivalent 


1.87 0.27 O82 
0.59 0.06 ri ‘ | 0.05 


TC total lung capacity; RV—residual volume; FRC —-functional residual capacity; 


MBC -maximum breathing capacity 


time, to derive statistical correlations between standard pulmonary measure 
ments and these variables on a sufficiently large number to predict normal values 
on this basis. 

The mean values and standard deviations (table 1) for total lung capacity and 
relative subdivisions, for the maximal breathing capacity and ventilation reserve 
in standard exercise in a group of 25 males and 12 females ranging from twelve 
to sixty-four years of age were in good agreement with similar data in the litera 
ture (13). It will be noted that, while the clearance ventilation showed a rela 
tively large standard deviation primarily due to individual differences in the 
functional residual capacity, the clearance equivalent with a mean value of 13.5 
liters for males and 13.9 liters for females had a standard deviation of only 1.5 
liters, or 10 per cent. This is reassuring when it is considered that this value in 
cludes not only the biologie variations but also the errors in measurement of the 
respiratory volume, the determination of the nitrogen clearance point and of the 
independent computation of the functional residual capacity. This narrow range 
of variation in ventilatory efficiency may be kept in mind for comparison with 
the following patients with various forms of pulmonary disease 


Pulmonary Tuberculosis 


Of the small number of patients in this group, those designated Nos. / through 
6 were suffering from active pulmonary tuberculosis. All of these patients dis 
played reduced ventilatory efficiency, particularly patients Nos. / and 2 with 
clearance equivalents above 30 liters. With patients Vos. 3 through 6, pneumeo 
peritoneum was induced and the tests were repeated on the succeeding day. In 
3 of 4 instances, this procedure resulted in a further loss in ventilatory efficiency, 
probably associated with the restriction of diaphragmatic movements. Un 
fortunately, these patients were not available for further study 


Ventilation 
Reserve 
liters liters Lomein 
250" 
M 6.69 0.27 0.52 $4.7 13.3 M47 O82 
S.D 1.13 0.06 0.07 9.7 1.3 33 0.05 
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TABLE 2 
Restcrs or Ventitarony Function Tests on Eveven Parientrs 
Permonany Losts 


6 
( lear (lear 
PRE ame ame - Comments 
re Ventila Equive 
thon ent 


Active 
17 $2.: Active 
i j 2 7 Active 
9.! Active pneumoperi 
toneum 
1.3) ) Active 
Active pneumopert 
toneum 
Active 
Active pneumoperi 
toneum 
Active 
Active pneumoperi 
toneum 


Old thoracoplasty 

Lobectomy 5 years 
ago 

Pneumonectomy 6 
years ago 

After pneumoperito 
neum 

Left pneumon 


ectomy, scoliosis 


TC —total lung capacity; RV— residual volume; FRC—funetional residual capacity; 
VC--vital capacity; 3-second VC means the fraction of VC exhaled forcefully in three 


seconds; MBC maximum breathing capacity 


Patient Vo. 7 had pulmonary tuberculosis which had become arrested after 
twelve months of treatment, and no abnormalities were found in any of the 
repeated tests of pulmonary function. The remaining 4 patients with inactive 
disease had undergone thoracic surgery at least five years before the present ob- 
servations, All of the patients showed evidence of restrictive impairment and 
moderate to advanced emphysema in the relative enlargement of the residual 
volume. The clearance equivalent was unusually high in 3 of the patients treated 
surgically who had marked mediastinal displacement (in one instance, pro 
nounced scoliosis) while one patient, No. /0, had evidently retained satisfactory 
ventilatory effiaency in the remaining lung after a pneumonectomy six years 


previously. The clearance equivalent in this patient was considerably increased 


after pneumoperitoneum, which was then discontinued. 
The number of patients observed was too small to warrant any final conclu- 


170 
! 

Num 

! M 2 3.67 | 0.47 | 0.57 

2 7 «62.21 | 0.49 0.67 

Sa M 16 4.40 O33 OST 

th 133 0.23 0.47 

la | F 33.62.91 0.23 | 0.8 

3.18 O.48 

Sa M 3) 5.72) 0.25 0.42 

5.48 O.45 

ta M 40 O39 

ih 3.70 O48 O68 

7a M 37 5.00 0.22) 0.55 35.9) 11.5 

5.88 0.20) 0.49 36.1 12.5 122 OSD 

5 M 45 5.350 0.40 O.50 38.3 25.0 

” #235 04 08 43.3 31.3 0.90 

lia M $22 058 0.5% 32.0 1.00 35 
10b 20 0.42 0.47 32.7 1.00 
i! M 41 3.64 0.51 0.73 72.7 27.4 0.82 
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sions. Nevertheless, it may be of some significance that the average of the 
clearance equivalents in this heterogeneous group of patients with both reeent 
and past histories of pulmonary tuberculosis was higher (24.8 liters) than in any 
of the other categories of pulmonary disease studied, with the exception of 


bronchiectasis 


Vontuberculous Pulmonary Disease 
/ 


The majority of pulmonary function tests (85 tests on 65 patients) were per 
formed on patients who suffered from nontuberculous pulmonary disease, The 
results have been arranged in table 3 according to the clinical diagnosis in sec 
tions designated “Asthma,” “Asthma and Emphysema,” “Emphysema,” 
“Chronic Bronchitis,” and “Bronchiectasis."”’ With very few exceptions it was 
found that the estimate of ventilatory efficiency based upon the clearance equiva 
lent (column 7) agreed more closely with the subjective and clinical condition of 
the patient than any other single function test. This was evident, not only in 
patients under observation for the first time, but also in repeated tests alter 
medication or other therapy such as intermittent positive pressure breathing or 
after induction of a pneumoperitoneum, as indicated in the last column of the 
table 

Asthma: In the first section of table 3, of the 12 patients under the primary 
diagnosis of asthma, 5 were children less than fourteen years of age who were 
tested before and immediately after intermittent positive pressure breathing 
treatment combined with bronchodilator aerosol. Although an improvement was 
found in the three-second vital capacity in most of these children, ventilatory 
efficiency did not always improve correspondingly. Only one patient with 
asthma (No. 12) showed an extremely high clearance equivalent on first obser 
vation. In this case, the patient’s asthma of long standing improved remarkably 
after removal of a thyroid adenoma. The maximal breathing capacity rose from 
$2 to 100 liters and the clearance equivalent fell from 37 to 21 liters 

Asthma associated with em phuyse ma: The second group in table 


18 cases of chronic asthma associated with emphysema, contained no less than 11 


patients with a clearance equivalent greater than 25 liters, Le., nearly double the 


normal value. The values for the clearance ventilation were correspondingly 
high. In general, the three-seeond vital capacity and the maximal breathing 
capacity were far below normal in these severe cases Patient No. 19 provides an 
interesting example of the reversibility of advanced impairment in some in 
stances in the course of therapy (19) and ¢). This is reflected in the sequence of 
measurements obtained for his relative residual volume and maximal breathing 
capacity, but particularly in the clearance equivalent which returned to an ap 
proximately normal value 

Emphysema: The 25 cases of emphysema with no history of asthma represent 
the widest range from good to extremely poor ventilatory efliaency of any 
category in this study. The greatest mixing deficiency was found in a patient 
whose emphysema was complicated by pulmonary fibrosis (Vo. 49 and in 


another with silicosis (No. 40), both of whom had clearance equivalents close to 


e 


TABLE 3 
Ventitatony Funcrion Tests on E:oury-rive Parientrs wirn Nonrusercutous 


PULMONARY DISEASE 
j ‘ s | 6 | 7 ‘ 
( lear (Clear 
Pre ance ane Comments 
Ventila Equiva- 
thon ent 


Asthma 


IPPB 


IPP 


IPP 


IPPB 
IPPB 
IPPB 


IPPB 6 months later 
0.46 


0.70 After removal of 
thyroid adenoma 


Asthma 


130 
163 


52 


IPPB 


Meticorten 


1 week IPPB 


i7 
185 
131 
152.0 

103.0 


1 z | 
Num 
ber Sen Aue I 
M 55 6.79 0.33 0.49 14.5 
2 F @® 3.62 0.2 O.K 41.7 | 2.3 | 0.77 61 
3 M 693 0.36 O55 47.4 124 102 0.87 
4 F $31 4.0 0.52 0.66 71.1 24.0 0.98 0.66 
5 M 533 5.0% 0.345 0.69 68.7 18 O.44 31 
fa M 13 3.17 0.12 04 @B@ 17 0.93 
6h 3.37 0.15 0.48 @ 0.92 
7a F 4.31 O.69 21 O85 15 
7b 10 02 OM 1s 22 65 
Sa 9 3.07 0.2% 0.44 25 1S 0.92 
Sh 3.01 023 O41 23 19.0 
Ya | M 12 3.97 0.17. 0.39 
Ob 1244 0.15 O34 2.0 17.2 O91 
lia M 6 0.48 14.7 15.7 1.00 
106 204 0.25 0.38 14.4 18.7 0.99 
lla M 6 1.72 O51 2.3 2.9 1.00 
1.05 O.18 O41 16.2 0.97 
Ile 2.18 OD 23.0 21.1 
12h 5.61 0.39 0.62 72.6 OST 100 
ES and Emphysema 
13 M 46 6.76 | 0.67 | 0.75 1 | 25.7 | 0.58 7 0 
M4 M 65 6.80) O.51 | 0.67 | 6 34.9 MOO 
15 F 68 4.24) 0.42) 0.62 | 2.2) 0.58 
16 F 5.83 0.44) 0.67 0.3) 12.9 | 0.66 0.62 
17 64.14 O47 OST 9.1 | 21.0 | 0.98 
Is F 48 655 0.40 060 77.5) 18.2 6s 0.59 
19a | M 6 7.15 0.67 165.9) 31 0.37 
7.24 0.55 0.72 106.9 0.33 
7.86 0.47 | 0.71 6.6 17 0.54 52 
Da M OF 5.91 0.66 OSL 0.42 5 
2h 5.78 0.50 0.73 134.3 | 31 0.46 15 
21 M 76 6.88 0.50 0.72 138.5 28 
22 M 7.77 | 0.44 0.64 | 17 0.75 121) 0.78 
23 M 55 7.61 0.43 0.55 13 0.70 Oo O78 
| F 406 OF 4.9 
25 M 6 621 OSS 23.6 2 
Mi 87 «8.580 | 0.71 | 0.82 26.4 0.39 
«490 OF OR 32.0 
M 8) 7.11 O.78 7.3 
F 4.9 08 25.3 0.70 41 
w M 643 O47 O61 2.2 OM 37 
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Emphysema 
12.2 


32.0 

57.4 

70.5 

117.9 

123.8 | 2: 10 IPP treat 
ments 

110.7 | 21.2 2 Acute respiratory 
infeetion 

55.1 

Silicosis 


170.! 
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47.2 

65.4 

105.4 : 2 IPPB 
115.5 

72.5 3.4 5 IPPB 

117.6 61 Fibrosis 
227 .3 : 


75.9 ‘ 


Chronic Bronchitis 
15.8 | 
19.3 
16.0 
17.7 x IPPB 


15.9 


Bronchiectasis 


1 2 4 
| ( lear 
thon 
’ 31 M §s 72) 7.88 | 0.39 | 0.30 mm. 76 67 
32 M | 52/)7.56 0.531 0.69 | 67.9 00 | 0.70 
33 F | 78 | 3.97 | 0.46 | 0.57 
34 «60.49 O.61 
35 5.20 0.34 | 0.59 
M 5 5.82 0.54 | 0.71 
37 M §$72'5.15 0.42 | 0.62 
M 7.62 0.57 0.76 
38h 7.36 0.56 0.74 
6.73 0.57 | 0.78 
M 64 | 5.82 0.47 | 0.65 
3.23 0.69 O.87 
4] 53. («6.01 «(0.38 0.63 66.5 
42 M 58 6.62 0.5%) 0.76 
43 M $70 6.77 | 0.52 | 0.71 
4 F | 5.18 | 0.42 | 0.9% 
45 M 7.2 0.39 
| 7.46 0.52 0.66 
465 (4 6.43 0.48 0.68 
47a | M | 48 | 8.41 | 0.62 0.71 
47h 9.12 0.45 0.59 
4s M 66 7.67 0.49 0.66 
44 F 67 | 3.21 | 0.48 0.76 
M 58 6.67 0.83 
51 M50 (6.75'0.37 0.35 
—_ 
| | 
52 M | 51 | 6.18 | 0.26 0.45 
53 F 1) 6.10 | 0.39 | 0.59 
Sha | M 3.11 0.15 | 0.39 
Sb 2.4 0.12 0.37 
12 2.71 0.17 | 0.40 17.1 1.00 
57a | F | 31 | 5.28 | 0.25 | 0.57 37.5 | 12.5 - 78 0.74 | 
57h 0.56) 13.4/0.89| 0.77 
58 | F | 63| 4.80 | 0.52 0.62) 64.6 21.6 61 | 0.61 | 
59a | F | 20 4.17 | 0.61 | 0.79 | 170.2 51.9 0.57 
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TC total lung capacity; RV residual volume; FRC functional residual capacity; 
VC vital capacity; MBC maximum breathing capacity; [PPB intermittent positive 


pressure breathing 


50 liters. On the other hand, 10 emphysematous patients had normal ventilatory 
efficiency 

Chronic bronchitis: In 5 cases of chronic bronchitis without signs of emphysema 
or bronchiectasis, only minor deviations from the predicted ventilatory function 
were found 

Bronchiectasis: The last 9 patients in table 3 suffered from bronchiectasis of 
varying degrees, as verified by bronchography. Seven of these were females. In 
only 3 instances was the ratio residual volume to total capacity unusually high, 
indicating additional advanced emphysema. On the average, the clearance equiy 
alent in bronchiectasis (24.9 liters) was as high as in the group with pulmonary 
tuberculosis. A sequence of four tests on the same patient (No. 59), with a long 
history of asthma since childhood with gradual development of bronchiectasis 
and emphysema, showed the results obtained after one week of regular inter 
mittent positive pressure breathing treatment with medication (596) followed by 
pneumoperitoneum two weeks later (59¢). Improvement is most evident in the 
clearance equivalent but also in the three-second vital capacity and the relative 
residual volume. A subsequent test after an interval of two months (59d) re 
vealed some loss of ventilatory efficiency in the course of a mild recurrence of 


asthma 


DISCUSSION 


The pathology of the various diseases encountered in the present study is 
generally associated with widespread functional and or organic changes in the 


physical properties of the lungs and airways. Hence, it was considered important 
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N, CLEARANCE EQUIVALENT —= 


Fig. 3. highty-five tests on patients with nontuberculous pulmonary disease plotted with 


respect to fractional residual volume and nitrogen clearance equivalent 


to ascertam whether a consistent relationship existed between restrictive im 
pairment as reflected in the relative size of the residual volume (RV PC, column 
4) and ventilatory efficiency as measured by the nitrogen clearance test 

The residual volume as a fraction of the total capacity has been plotted in 
figure 3 against the clearance equivalent for each of the 85 tests listed in table 4 
The oblique cross designates the average of all controls, with a hatched rectangle 
covering one standard deviation, and the larger reetangle two standard devia 
tions, in the normal group. Obviously, there was a trend toward a higher clear 
ance equivalent with increasing relative residual volume Hlowever, no close 
correlation could be derived therefrom. Moderate and even advanced enlarge 


ment of the residual volume was not necessarily associated with any significant 


impairment of mixing and distribution in the lungs. On the other hand, the 12 pa 


tients in the group who had a clearance equivalent of more than 50 liters, indi 
cating extreme ventilatory inefficiency, had RV/TC ratios which ranged from 
0.47 to 0.69 

A useful classification of pulmonary emphysema as proposed by Motley 
(14) has been widely used in recent years. [t is based upon the RV TC ratio as 
follows: 


RV TC 0. 25-40.35 350.45 0.45-0.55 0. 55-plus 


Emphysema slight moderate advanced far advanced 


In view of the wide variations in ventilatory efficiency found in advanced and 
extreme emphysema, it appears highly desirable to employ a functional eriterion 
in addition to the volume relationships in the establishment of diagnosis and 


guidance of treatment. As far as present limited experience permits, ventilatory 
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moderate odvonced extreme 


Emphysema’ based on 
Slight 


0 7 2 0 


none slight moderate advanced extreme 


Ventilatory Inefficiency based on 
Clearance Equivalent 


Fie. 4. Evaluation of tests in figure 3 according to volumetric and functional criteria 


inefficiency might be graded in a similar manner: 


Clearance equivalent 15 2 20-25 25-30 30- plus 
Ventilatory inefficiency slight moderate advanced extreme 


( In figure 4, the same group of cases has been arranged in a coordinate system 
and “functional” standards. It shows, for instance, that 


with the “volumetric’ 
25 cases classified as advanced “emphysema” according to Motley's scale range 


fairly evenly from “no ventilatory inefficiency” to extreme impairment. This 
means that pathologic processes which lead to the restriction of expiratory ex- 
cursions of the chest and lungs with enlargement of the residual volume are by 
no means always coincidental with a deterioration of the mixing and distribution 
function of ventilation. Conversely, ventilatory efficiency may be seriously im- 
paired in the absence of any marked alteration in the total lung volume or its 
subdivisions 

In conjunction with conventional spirometry, a criterion of ventilatory effi- 
ciency as provided by the clearance equivalent with the nitrogen meter is a most 
valuable tool in the evaluation of the functional aspects of pulmonary disease. 


SUMMARY 


A method is deseribed for the determination of ventilatory efficiency from the 
clearance of nitrogen from the lungs while breathing oxygen. The total ventila- 
tion required for the clearance of pulmonary nitrogen is dependent upon the lung 
volume and the efficiency of ventilation with regard to mixing and distribution 


of gas. The clearance equivalent, a measure of ventilatory efficiency independent 
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of lung volume, is obtained by dividing the total clearance ventilation of the 
subject by the functional residual capacity which is measured in the same pro 
cedure. The clearance equivalent as measured in 37 normal males and females 
ranging from twelve to sixty-four years of age showed very small individual 
variations in healthy persons. 

Seventy-six patients with pulmonary tuberculosis and various forms of non- 
tuberculous pulmonary disease were studied with this method in addition to 
spirometry and other pulmonary function tests. The estimate of ventilatory 
efficiency based on the clearance equivalent was found to agree more closely 
with the clinical condition than any other single function test employed. On the 
average, the ventilatory efficiency of patients with pulmonary tuberculosis was 
lower than in any other category of pulmonary disease with the exception of 


bronchiectasis, in which it was of the same order. 

The measurement of ventilatory efficiency with the nitrogen meter is proving 
to be a most valuable aid, not only in evaluating the status and prognosis of a 
patient, but also in estimating objectively the response to various types of 


therapy 
SUMARIO 


La Eliminacién del Nitrégeno Pulmonar como Pauta de la Eficacia Ventiladora 


Describese un método para determinar la eficacia ventiladora por la eliminacién de 
nitrégeno de los pulmones mientras se respira oxigeno. La ventilacién total requerida para 
la eliminacién del nitrégeno pulmonar depende del volumen del pulmén y de la eficacia de 
la ventilacién con respecto a la mezcla y la distribucién de gas. El equivalente de elimina 
cién, medida esta de la eficacia ventiladora independiente del volumen pulmonar, se obtiene 
dividiendo la ventilacién eliminadora total del sujeto por la capacidad residual funcional, 
que se mide en el mismo procedimiento. EF] equivalente de eliminacién, medido en 37 hom 
bres y mujeres normales cuya edad variaba de doce a sesenta y cuatro afos, mostré peque 
fiisimas variaciones individuales en personas sanas 

Setenta y seis enfermos que tenian ya tuberculosis pulmonar u otras formas de neumo 
patia no tuberculosa fueron estudiados con este método, ademds de la espirometria y otras 
pruebas de la funcién pulmonar. El cdleulo de la eficacia ventiladora basado en el equiva 
lente de eliminacién resulté més de acuerdo con el estado clinico que ninguna otra prueba 
funcional empleada. En conjunto, la efieacia ventiladora de los tuberculosos pulmonares 
fué menor que la de ninguna otra clase de casos pulmonares, con excepeién de los de bron 
quiectasia, en los cuales fué del mismo orden 

La medicién de la efieacia ventiladora con el nitrogenémetro va resultando ser una 
ayuda de los més valioso, no sélo para justipreciar el estado y el prondéstico de un enfermo, 
sino también para caleular objetivamente la respuesta a varias formas de terapéutica 


RESUME 


Clearance de Uazote pulmonaire comme critére de la valeur de la ventilation 


Description d'une méthode de détermination de la valeur de la ventilation par la clear 
ance de |'azote pulmonaire pendant l’inhalation d’oxygéne. La ventilation totale requise 
pour la clearance de l’azote pulmonaire est en rapport avee le volume du poumon et la 
valeur de la ventilation 4 l’égard du mélange et de la répartition des gaz. L’équivalent de 
clearance, mesure de la valeur de la ventilation indépendante du volume pulmonaire, 
s'obtient en divisant la ventilation totale de clearance du sujet par la capacité résiduelle 
fonctionnelle, qui est mesurée par le méme procédé. L'equivalent de clearance obtenu chez 
37 sujets sains, hommes et femmes, Agés de douze A soixante-quatre ans, montrait de faibles 


variations individuelles 
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Soixante seize malades atteints de tuberculose pulmonaire ou de diverses formes 
d'affections pulmonaires non tuberculeuses ont été étudiés par cette méthode adjointe a 
la spirométrie et aux autres tests de la fonetion pulmonaire. On a découvert que la valeur 
de la ventilation déterminée par |'équivalent de clearance se repprochait beaucoup plus 
des conditions cliniques que tout autre test fonetionnel particulier. En moyenne, la valeur 
de la ventilation dans la tuberculose pulmonaire était plus faible que dans n'importe quelle 
catégorie d'affection pulmonaire, sauf dans la bronchiectasie of elle était de méme ordre 

L’évaluation de l'effieacité de la ventilation par la détermination de l'azote se montre 


des plus utile, non seulement pour évaleur l'état du malade et le pronostie de la maladie, 


mais aussi pour évaleur objectivement la réponse aux divers types de traitement 
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INTRODUCTION 


Intermittent inspiratory positive pressure breathing (IPPB L) combined with 
the nebulization of bronchodilator drugs has been extensively employed in the 
treatment of chronic pulmonary diseases other than pulmonary tuberculosis 
(1-5). The objectives of this therapy are to overcome breathing resistance, 
promote bronchial drainage, relieve bronchospasm, provide a breathing exercise, 
improve alveolar aeration, and improve pulmonary function. [t is natural to 
exclude active pulmonary tuberculosis from this type of therapy in that rest 
and collapse of the lung used in the treatment of tuberculosis are directly oppo 
site to the active exercise of positive pressure breathing. Frequently, however, 
chronic obstructive pulmonary emphysema, fibrosis, bronchitis, bronchospasm, 
bronchiectasis, accumulation of secretions, edema, poor bronchial draimage, and 
altered respiratory function are encountered in patients with pulmonary tuber 
culosis (6). With the increased employment of pulmonary resection in’ the 


treatment of pulmonary tuberculosis, it should be helpful both preoperatively 


and postoperatively to eliminate some of these factors if possible. The use of 


positive pressure breathing would be desirable prov iding it had no detrimental 
effect on the treatment and healing of the tuberculosis 

The object of this study is to determine the effect of intermittent positive 
pressure breathing in patients with active pulmonary tuberculosis who are being 
treated with chemotherapy and other supportive measures and to establish 
criteria for such treatment if indicated. Since the pressures employed (10 to 20 
em. of water) never exceed intrapulmonic pressures developed by coughing (40 
to 100 em. of water) and since pressures in the magnitude of 109 em. of water 
are necessary to produce lung damage in dogs (7), it was believed that there 
was very little hazard to be expected from [PPB IT therapy 


MATERIALS AND METHODS 


Twenty-eight patients with far advanced, and one with moderately advanced, 
active pulmonary tuberculosis of one to twenty-four years’ duration receiving 
chemotherapy and with evidence of complieating brome hospasin, emphysema, 
obstruction, and altered respiratory physiology) were selected for IPPB I treat 
ment. Activity of the disease process Was ascertained by the presence of tubercle 
bacilli. The other factors were determined from the clinical and roentgenographie 


findings as well as from pulmonary function testing 


From the ¢ ardiopulmonary Laboratory, Ohio Tuberculosis Hospital; und the Depart 


ment of Medicine, Ohio State University College of Medicine, Columbus, Ohio 
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Only inspiratory intermittent positive pressure breathing was employed. A Bennett flow 
sensitive pressure breathing therapy unit, model TV-,P, equipped with a pressurizing unit 
and a Halliburton respirator were used, Peak intrapulmoniec pressures in the range of 10 
to Diem. of water were employed. A plastic nebulizer fed by a separate oxygen flow was at 
tached to this apparatus as a source of nebulization of the bronchodilators. It was not neces 
sary to use pure oxygen in the treatment. There was essentially no difference in the effect 
of the treatment whether air or oxygen was used. Breathing through a mouthpiece at pres 
sures of 15 to 2) em. of water was well tolerated. A treatment lasting twenty minutes was 
given three times a day at the beginning and, after a period of three to six weeks, it was re 
duced to once or twice a day, as necessary according to the patient's response and needs. 
At the onset of this study, | ml. of a bronchodilator solution was used with each treatment. 
This was prepared by mixing 0.5 ml. of isopropylarterenol hydrochloride (Lsuprel®) with 
an equal quantity of saline. Lately, however, | ml. of 1: 200 isopropylarterenol hydrochloride 
has been combined with 9 ml. of oxyethylated tertiary octylphenol-formaldehyde polymer 
(Alevaire™) and 2 mil. of this mixture has been used per treatment. In special instances not 
reported in this series, in which secondary infection was evident, antimicrobials were ad 
ministered by nebulization as well as parenterally. The results of treatment were evaluated 
subjectively by chest roentgenograms and by pulmonary function tests. A 13.5 liter Collins 
respirometer was used to measure the vital capacity, timed vital capacity, and maximal 
breathing capacity. These determinations were routinely employed as objective ventilatory 
measurements of the response to treatment. These measurements were made in duplicate 
prior to treatment and were checked periodically during and at the end of a course of ther 
apy 

RESULTS 

Clinical data on 29 patients with pulmonary tuberculosis treated with inter- 
mittent positive pressure breathing are presented in table 1. Twenty-eight of 
the patients had active pulmonary tuberculosis with infectious sputum, the 
character of the disease being fibrocaseous in all instances. The disease was 
stationary in the chest roentgenograms of all except one (A. A.) who showed 
evidence of spread of disease within the past year. The duration of IPPB/I 
administration lasted from one week to ten months. There were no cases of 
minimal tuberculosis and only one case of moderately advanced, active tubercu- 


losis. 
Surgical patients, presented in table 2, were divided into two groups, pre- 


operative and postoperative. There were 15 patients to whom IPPB I was 


given preoperatively in preparation for major thoracic surgical procedures. The 
reasons for giving the intermittent positive pressure breathing and the duration 
of therapy are listed in table 2. In 6 patients, IPPB/1 was started eight days to 
six months following surgery and was used only in extreme circumstances, in 
which severe impairment of respiration was evident, to improve ventilatory 
function and promote bronchial drainage. The IPPB/I was never employed 
initially in the immediate postoperative period; therefore, it is reasonable to 
assume that the striking improvement in the clinical condition of these patients 
was due to the addition of the IPPB/I 

Results of pulmonary function testing in 17 of the patients treated are pre- 
sented in table 3. Six were medical patients. Pre- and post-treatment measure- 
ments were not obtained in all of the 29 patients because of unexpected dis- 
charges, surgery, and postoperative circumstances. It can be seen from the data 
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TABLE 1 
Data on 26 Tuspercutous Parientrs Treareo wirn INTERMITTENT 
INspinarory Postrive Pressure Brearaine (IPPB/I 
PLUS BRoONCHODILATORS 


Duration Duration of f 


bis u at 
Disease of Disease Chemotherapy* IPPB 
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ir advanced vears 


Prior to the institution of IPPB/I 


in table 3 that there was an average increase in the vital capacity of plus 8.2 
per cent, in the maximal breathing capacity of plus 21 per cent, and in the 4- 
seconds timed vital capacity of plus 4.7 per cent from the pretreatment value 

Patients with pulmonary tuberculosis to whom intermittent positive pressure 
breathing treatment was administered tolerated the therapy well and had no 
complaints. In 3 patients (C. L., W. F., and H. D.), therapy was refused after 
two weeks, one week, and five days, respectively. Apparently, in these patients 
the intermittent positive pressure breathing was too strenuous and treatment 
was discontinued. Since the use of IPPB/I therapy was on a voluntary basis, 
no objections were raised. In all of the patients the tuberculosis was of a station- 
ary nature. Subjective improvement to treatment was difficult to evaluate. In 
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TABLE 2 
Posrrive Pressere Brearuina (IPPB/T) tn 21 
Sc PATIENTS 


‘ Duratwor 
Reason for IPPB/t IPPH I 


1 Preope rative 


Asthma months 


Thorn opl unt 
months 


Resection under thoracoplasts 
Monaldi drainage followed by thoraco Low breathing reserve months 


Veena 


pl ant y 
Brone hos week 


etron 
Low breathing reserve days 


Resection and thor 
tesection Bronchospasm months 
Low breathing ; ve weeks 
linphysema weeks 


Low breathing months 


Pheumonectom 
Ixtraperiosteal plombage 


ection 


mphy months 


hos months 
Bronchospasm months 
months 


Resection 
tesection 

Resection Bronchospasm 

months 


Resection 
Krone hos past months 


Reseetion 


Posto pe rative 


Segmental resections RLULL., Emphysema months 


Bronchospasm months 


Asthma months 
months 


t-rib right thoracoplasty 
7 rib left thoracoplasty 


Segmental resection Bronchospasm 


Segmental resection RLULL., RLLL Low breathing reserve months 


7-rib right thoracoplasty Emphysema months 


general, there was an increased feeling of well-being, decreased coughing, wheez 


ing, and expectoration. For patients in whom bronchospasm was a lactor, sub 


jective improvement was very definite 

Following intensive [PPB | therapy, extending in some patients up to ten 
months, there was only one instance of any evidence of spread of the tubereu 
lous disease. In this case (J. B.), the patient was subjected to a bronchoscopy, 
and the spread of disease developed shortly thereafter at a time when he was 
receiving [PPB | therapy. The [PPB 1 was not discontinued, and regression 
of the new area of disease occurred; subsequent roentgenograms showed 
marked improvement in the total disease 

Ten patients had a past history of hemoptysis which occurred three months 


to three years prior to the institution of IPPB/I. A single small hemoptysis 
ovecurred in one patient alter two months of daily treatment The treatment was 


The 


immediately discontinued and bleeding ceased within forty-eight hours 
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total blood loss was less than 10 ml. It is not certain that this episode of hem 


optysis was precipitated by the IPPB I in that this patient had a history of 


repeated hemoptyses prior to the institution of such therapy 

In 5 of the patients treated, bronchopleural fistulas were present; treatment 
was continued in spite of them. In one patient the bronchopleural fistula healed 
while the patient was receiving positive pressure breathing therapy 

Spontaneous pneumothorax did not occur in any instance where mtermuittent 
positive pressure breathing therapy was given. One patient (DD. L.) had a history 
of spontaneous pneumothorax seven years previously. No complication was 
noted after three weeks of intensive IPPB I therapy. Several of the patients 
were receiving pneumoperitoneum simultaneously with the intermittent positive 
pressure breathing therapy. No untoward effects were noted in this group of 
patients 


TABLE 3 
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Three of the patients to whom intermittent positive pressure breathing ther- 
apy had been given have subsequently died postoperatively from their pulmo- 
nary tuberculosis. These deaths were not related to [PPB [| treatment. One death 
occurred fifty-one days after the [PPB/I had been discontinued. This patient 
died of respiratory insufficiency postoperatively. The second death occurred as 
a result of an acute spread of disease to the contralateral lung following a pleu 
ropneumonectomy. In this patient, the IPPB/1 had been discontinued five 
weeks prior to the operation. There was no definite relationship between the 
spread of the disease and the [PPB LT therapy. The third patient had an advanced 
degree of pulmonary emphysema with respiratory insufficiency. Following a 
pulmonary resection, he developed a bronchopleural fistula with severe dyspnea 
and was virtually maintained constantly on intermittent positive pressure 
breathing. This patient was a severe respiratory cripple following his surgery 
and died one year later of respiratory insufficiency. It seemed clear that the 
positive pressure breathing therapy in this case prolonged the patient's life 


DISCUSSION 


Intermittent positive pressure breathing in the treatment of patients with 
pulmonary tuberculosis was used, not to treat the tuberculosis, but to treat 
associated conditions which were present. It is believed that this form of ther- 
apy has much to offer many tuberculous patients especially those who eventu- 
ally may need surgical intervention. The judicious use of this adjuvant therapy 
preoperatively and postoperatively on selected patients may decrease the surgical 
morbidity and mortality. The improvement in pulmonary function in many 
borderline cases may be sufficient to enable the patients to successfully with 
stand an operative procedure and the difficulties encountered in the immediate 
postoperative period 

Intermittent positive pressure breathing is especially useful in the postopera- 
tive period following chest surgery. Theoretically it should help to re-expand 
the remaining lung after pulmonary resection. Patients following thoracic sur- 
gical procedures have impaired ability to cough or breathe deeply because of 
chest pain; IPPB 1 aids in diminishing the effort involved in coughing, elimina 
tion of secretions, and improving alveolar aeration, The bronchodilator drugs 
employed are useful in relieving bronchospasm and encouraging the drainage of 
secretions, Wetting agents might be useful to liquefy thick tenacious material. 

Subsequent to this study, 17 additional tuberculous patients have been treated 
with IPPB/T. In all, 4,604 IPPB IT treatments have been administered to 46 


patients with pulmonary tuberculosis in the past one and one-half years. No 


difficulties have been encountered in any of these patients. Therapy can be 


discontinued at any time 


SUMMARY 


Twenty-nine patients with active pulmonary tuberculosis receiving chemo- 
therapy and manifesting evidence of bronchospasm, emphysema, and poor 
pulmonary function were treated with intermittent positive pressure breathing 


. ~ 
& 


INTERMITTENT PRESSURE BREATHING IN TUBERCULOSIS ISD 


and aerosols. Generally there was an increased feeling of well-being, decreased 
cough, wheezing, and expectoration. The therapy was well tolerated and there 
was no evidence of precipitation of hemoptysis, spread of disease, development 
of pneumothorax, or interference with the healing process 

\n average improvement in the maximal breathing capacity of 21 per cent 
from the pretreatment value and in the vital capacity of 8.2 per cent was noted 

Intermittent imspiratory positive pressure breathing (IPPB 1) has been used 
pre- and postoperatively to improve ventilation, relieve bronchospasm, and 
enhance the elimination of secretions 

To date, 4,604 [PPB /T treatments have been safely administered to 46. pa 
tients with pulmonary tuberculosis 

Intermittent positive pressure breathing using pressures of 10 to 20 em. of 
water is safe for use when indicated in patients with pulmonary tuberculosis 


who receive chemotherapy and other supportive measures 


SUMARIO 
La he spiracton a Preston Pomtiva [ntermitente en la Tuberculo PPulmonar 


A 20 enfermos con tuberculosis pulmonar activa que recibian quimioterapia rianale 
taban signos de broncospasme, enfisema y defimente funein pulmonar se les trate con 
respiracion a preston positiva titermitente verosoles. kin general, hubo una sensacin 
mayor de euforia y disminucion de la tos, del jadeo de la expectoraciin. La terapéuties 
fué nen tolerada, sin observarse signos de preeipitacion de hemoptisis, de la dolen 
cia, formacion de neumotorax u obstruccion del proceso curative 

Notése una mejoria media de 21 por ciento en la eapacidad respiratoria maxima, com 
parada con la cifra anterior al tratamiento, y de S.2 por crento en la capacidad vital 

La respiracion a presiGn positiva intermitente ha sido usada pre postoperatoriamente 
para mejorar la aireaci6n, aliviar el broncospasmo y aumentar la eliminacion de secrecione 

Hasta la fecha, se han administrado sin contratie mpod tratamentos con respiracin 
a presion positiva mntermitente a 46 tuberculosos pulmonare 

La respiracion a presion positiva intermitente, usando presiones de 10a 20 mil. de agua, ¢ 
inocua para empleo, cuando se halla indicada en tuberculosos pulmonares que reeiben la 


quimioterapia y otras medidas fortalecientes 


Khst ME 


Respiration avec pre on positive intermittente dans la tuberculose pulmonarre 


Vingt neuf malade de tuberculose pulmonaire en activité, soumis la chime 


thérapie et aceusant des signes de brochospasme, d’emphyséme et une défierenece ce 
fonction pulmonaire, ont traités par pression positive intermittente et aérosel 
were ral, il s'est produit tite ensation de lien étre ero ante la diminution de la tous 
la respiration sifflante et de l’expeetoration. Le traitement a été bien toléré, il n'a pa 
entrainé dhe yest extension de la maladie, ‘pparition pu umothorax ou 
férence avec le proce us ce icatrisation 

Une amélioration moyenne de la capacité respiratoire maxima égale a 21 pour cent, par 
rapport a ce qu'elle était avant le traitement, et AS.2 pour cent pour la capacité vitale a 
été enregistreés 

La respiration sou pre ion prmitive intermittente preaper itonre et pur foperatoue i 
été pratiquée pour améliorer la ventilation, supprimer le bronchospasme et stimuler 
nation des séerétion 

A ce jour, 4.004 trattements par respiration sous pression positive intermittente ont été 


administrés sans incident A 46 malades atteints de tuberculoss 


= 


TOMASHEPSKI AND TCHEN 


La respiration sous pression positive intermittente, en utilisant des pressions de 10a 


2) mi d’eau, ext sans danger quand elle est indiquée chez des patients atteints de tubercu 


loxe pulmonaire soumis a la chimiothérapie ou a tout autre traitement dentretien 
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MORTALITY AND RELAPSE OF UNCOMPLICATED ADVANCED PUL- 
MONARY TUBERCULOSIS BEFORE CHEMOTHERPY: 1,504 CONSECU- 
TIVE ADMISSIONS FOLLOWED FOR FIFTEEN TO TWENTY-FIVE 
YEARS' 


I. The Relationship of Factors Determined on Admission 
ROGER S. MITCHELL 
teceived for publication April 19, 1955 


INTRODUCTION 


Creat advances in the treatment of pulmonary tuberculosis have been made 


in the past decade, These advances can be measured most effectively against a 


clear picture of the experience before the advent of effective chemotherapy 


Two circumstances have made possible the re-creation of some parts ob str hoa 
picture: the accumulation of a large reservou of cases with adequate long-term 
follow-up at Trudeau Sanatorium; and a new statistical method for the graphic 
and simultaneous presentation of morbidity and mortality experience with a 
chronic disease (1 Accordingly, the present report represents a retrospective 
analysis of the experience at the Trudeau Sanatorium by the use of this statis 


tical method 


MATERIALS AND 


Between January |, 1930, and December 31, 10890, 2.555 patients were ad 
mitted to Trudeau Sanatorium, Of 2,331 with pulmonary tuberculosis, 7/3 were 
classified as having minimal lesions, /,273 as having moderately advanced dis 
ease, and 3/5 as having far advanced pulmonary tuberculosis on admission to 
the sanatorium. After review of the clinical data and available chest roentgeno 
grams i each case, 137 of those with advanced disease were excluded from fur 
ther analysis for the reasons outlined in table | 

There were thus 1,155 patients with moderately advanced and 208 with fat 
advanced active pulmonary tuberculosis without mayor tuberculous and non 
tuberculous complications. In addition, 53 patients, originally classified as hay 
ing minimal pulmonary tuberculosis, were found upon reclassification to have 
active, uncomplicated moderately advanced disease (2), thus making 1,206 in 


all with moderately advanced disease 


The clinteal records and all available chest roentgenograms taken before, during, and 
after residence at Trudeau Sanatorium were reviewed. When the chest roent genograme 


were insufficient in number, technically unsatisfactory, or unavailable, the interpretations 


From the Trudeau Saranac Institute, Trudeau, New York 
>This study was aided by a grant trom the Committee on Medical Research of the 
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TABLE 1 


Cases Anatysis Arren 


Inactive pulmonary tuberculosis 
Minimal 
Moderately 


Active minimal pulmonary tuberculosis (10 with pleural effusion 
Vieurisy with effusion only 
Advanced active pulmonary tuberculosis plus major extrapulmonary tubereulosis 
complieations 
Genmtourinary 
Bone and joint 
Veritonitis 
Miliary 
Advanced active pulmonary tuberculosis plus major nontuberculous complica 
tions 
Diabetes 
Silicosis 
Pregnancy 
Malignancy 
Advanced pulmonary emphysema 
Bronchial asthma (severe 


Cardiac dec ompensation 


Nontubereulous disease only, in retrospect 
Sarcoidosis 
Bronchiectasis 
Spontaneous poeumothorax 
Chronie pulmonary disease, cause undetermined 


Total 137 


in the record made by the radiologist were utilized in so far as possible. Details of the elini- 
eal course after discharge were obtained from records of readmission to Trudeau Sanato- 
rium; from reports and films obtained from physicians, hospitals, and health departments; 
from routine yearly follow-up questionnaires to all ex-patients; and, finally, from replies to 
special questionnaires sent by the writer to all living ex patients in the study. Treatment 
either immediately before or after Trudeau Sanatorium residence and continuous with it 
is considered as part of the original treatment in all cases 

The background features of the patient population are outlined Moat of the patients 
were young adults with an age range of fifteen to seventy three and a mean of thirty-one 
vears. There were a few more males (52 per cent) than females. There were only 4 Negroes 
and 13 Orientals; the vast majority were of northern European ancestry. The socio 
background was distinetly higher than is usually found in governmentally supported tuber 
culosis hospitals, particularly those situated in large cities. During the period under study, 


economic 


it was the practice not to admit all patients with very severe disease; for example, those 


with symptoms of advanced intestinal tuberculosis. Tuberculous complications on admis 
were relatively infrequent (table 2) 


sion. not considered grounds for exclusion from study 
Major nontubereulous complications, not considered grounds for exclusion from study, 


were peptic ulcer in 1 and latent syphilis in 7 


15s 
2h 
5 61 
4 
5 
2 
2 21 
13 
5 
3 
1 31 
| 
| 2 & 
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TABLE 2 


TUBERCULOUS COMPLICATIONS PRESENT ON ADMISSION 
Moderately Advanced Far Ac nced 

Complication 
Number Per Cent Number Per Cent Number 


None 


Pleurisy with effusion 
Intestinal 

Laryngeal 
endobronchial 

Ischio rectal abscess 
Otitis media 

Cervical adenitis 
ema 


Multiple 


Totals 206) 2 1000 1,04 


Descriptive and follow-up data were coded and transferred to an SO column business 


machine punch card, using three “mark sensing’ cards for each case 


The results were evaluated in three ways: 

(a) Five-year result: The five-year result was considered “good” if the dis 
ease had become clinically controlled with no evidence of cavity and with 
no tubercle bacilli in the sputum within three years and if relapse had not 
occurred within the balance of the first five-year period. [f a patient was lost 
through death from nontuberculous causes or if contact with him was lost 
in less than five years, the case was rated “nonevaluable.”’ Otherwise the 
result, was “poor.” Sixty-seven moderately advanced and 8 far advanced cases 
were “nonevaluable,” leaving 1,429 cases for analysis by this method 

(bh) The twenty-year tuberculosis morbidity’ and mortality (corrected for dif 
ferences in duration of observation): Because it includes all available data, 
this method was considered more reliable than the five-year results. Patients 
were regarded as “‘sick’’ during a year if they were under treatment for active 
tuberculosis for six months or more 

(¢) Primary relapse rates: Patients were considered at risk of relapse after 
achieving clinical control of disease. Relapse is defined as any unfavorable 
roentgenographic and/or bacteriologic events leading to active treatment. The 
primary relapse rate is defined as the incidence of first: relapses corrected by 
life table for differences in the year of onset after arrest 


The statistical analyses were carried out by mechanical sorting and tabulation of the 
punch cards. A master table was made in search of hidden correlations 
* Morbidity is defined for the purposes of this paper as active tuberculosis under treat 


ment, whether it was the original illness or a relapse 


Per Cent 
m7 SAS 73.3 130 13.7 1,013 67.4 
123 7H 25.5 13.2 
73 6.1 11 1038 os 
34 2.8 23 7.7 a7 3.8 
2.5 7 2.3 37 2.5 
21 1.7 7 2.3 2s 14 
10 Os 20 16 1] : 
23 19 54 2.5 
100.0 
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TABLE 3 


Progression or Disease DURING SANATORIUM 
Musterately Advanced Far Advanced 


Number Per Cent Number Per Cent Number 
None alg 76 


Mild 3.0 
Severe 44 
Multiple 7 5 10.7 


Totals 2 100.0 § 100.0 


Differences in proportions were tested for st stistical significance by the standard error 
and chi-square methods. Differences in life tables were tested at the five , ten, and fifteen 
vear levels. A difference which might have arisen from chance alone in no more than 2 per 
cent of cases was considered significant (S).* All differences which f titled to meet this crite 
rion were rated as nonsignificant (VS)* even though in many instances they may have been 


indieative of possible or even likely interdependence of the developments being tested 


RESULTS 


Progression of disease at the sanatorium Mild, severe, or multiple progressions 
of disease were noted in 426 of the 1,504 patients table 3). Progression of dis 
ease is defined as the appearance of new roentgenographic shadows or the defi 
nite intensification of pre-existing ones; these were classified as “mild” when the 


increase in shadowing was slight or minimal. The monthly or yearly incidence 


of progressions at the sanatorium is not known because duration of stay ranged 


from four weeks to more than twenty years, but this sort of information has 
heen determined elsewhere (3). Thirty-seven patients died of progressive 
tuberculosis at the sanatorium. This is not a true reflection of the severity of 
disease treated because it was sanatortum policy to attempt to transter patients 


to other sanatoriums or to their homes if death appeared inevitable 


Tuberculosia morbidity and mortality The cumulative tuberculosis mortality os shown 
in the diagonally lined space labeled ‘dead tuberculosis’ beneath the lower curve in igure 
1 (moderately advanced) and figure 2 (far svdivanced). The stippled space led ‘‘sick’’ in 
figure | represents the proportion of living contac ted ex patients w ho were being tre ited for 
active tuberculosis during six or more months of enc h vear after admission. For obvious 
reasons, this was 100 per cent in the first vear unless death occurred in less than six months 
The clear space labeled ‘‘well’’ represents the proportion of patients well and able to work 
in each vear of observation At the top of these graphs is recorded the cumulative proportion 
oft patients lost to the study through death from nontubere ulous Causes and loss of contact 

In subsequent figures showing tuberculosis morbidity and mortality, proportions of 
“well.” “siek.”” and “dead tuberculosis’ were computed by eliminating data on patients 


+S = statistically signifieant: A difference which might have arisen from « hance alone 
in no more than 2 per cent of cases. All differences which failed to meet this criterion were 
rated as nonsignificant (VS) even though, in many instances, they may have been indicative 


of possible or even likely interdependence of the developments wing tested 
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ALL TREATMENT 1206 PATIENTS 
[ONTACT LOST 


DEAD 
10 15 20 
VEARS AFTER ADMISSION 


Fig. |. Twenty year morbidity and mortality experience of 1,206 consecutive patients 


with active moderately advanced pulmonary tuberculosis without major complications 


ALL TREATMENT 298 PATIENTS 
100 — 


PER GENT 
° 


YEARS ADMISSION 
hia. 2. Twenty year mortndity and mortality experience of 20S consecutive patients with 


active far advanced pulmonary tuberculosis without major complications 


MOD ADV FAR ADV 
1206 PATIENTS 298 PATIENTS 
100 Fr 
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hia. 3. Twent ear tuberculosis morbidity and mortality experience of 1501 patients 
with advanced pulmonary tubere ulosia: by extent of disease on admission. Data on lose of 


contact or death from nontuberculous causes are excluded 


4 
" 
2 
SO} 
« 
\ | 
a 
SICK 
now 
\ 
\ weer 
YYy Y 
DEAD 
Wy 
\ 
\ 
vy) 
\ 
S 
a. 
= 
4 
20 


42 ROGER MITCHELL 


lost through death from nontuberculous causes or loss of contact after the loss had occurred. 
The same marking is used where possible, viz: “well” (clear), “sick’’ (stippled), and “dead 


tuberculosis’ (diagonally lined 


The 1955-1954 status of the 1,504 patients is shown in table 4. Twenty-seven 
per cent were dead (21 per cent from tuberculosis), 4 per cent were sick with 
tuberculosis, 9 per cent were lost from observation, and the balance (61 per cent) 
were apparently well 

Extent of disease: Tuberculosis mortality was greater (S) with far advanced 
(figure 2) than with moderately advanced (figure 1) disease. Morbidity, on the 
other hand, had a greater tendency to persist over the years in the moderately 
advanced than in the far advanced group. These differences are shown more 
clearly in figure 3, showing both groups of cases simultaneously after excluding 


the nonpertinent data on losses. At least in part because of a difference in the 


patient population, these results are more favorable than those recently reported 


from a state hospital (4, 5) 


TABLE 4 
1953-1004 Svarus of Aue 1.504 Parientrs wirn Apvancen PULMONARY 
anp No Mason Comeptications, To 
Sanarortem 1990-1939 


Moderately Advanced Far advanced 
Number Per Cent Number Per Cent Number Per Cent 


Well 780 65.5 140 17.0 618 


Under treatment for active 
37 3.0 


tuberculosis 
Dead, tuberculosis 
Dead, nontuberculous cates 
Bick, then contact lost 
Well, then contact lost 


Totals § 


TABLE 5 
Five Year ey Density oF Suapows AND Size oF 
Lancest Caviry oN ApMISSION 


Light 7 143 44.7 
Medium 143 2 5.! 33: 1m 41.8 
Heavy 524 
Undeter 

mined 


All 


105 16.3 1a) S15 
70 5.7 19 64 5.9 
24 20 0.3 25 1.8 
7.5 3.4 101 6.7 
Cavity 
Density of 
Koentgene No Cavity Cm 1 stm + All Cases 
graph 
Shadow 
Per Per Per Per Per 
Total Poot Geng Total Poor Total Poor Cony Total Poot Con, Total Poor con 
4205 49.2 323 140 43.3 M1 169 49.6 1,429 655 45.8 
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YEARS AFTER ADMISSION 
kia. 4. Twent vear tuberculosis morbidity and mortality ¢ xperience: by density of 
roentgenographic shadows and extent of disease. (Two hundred and nineteen patients were 


excluded because a satisfactory film taken at the beginning of treatment was not available 


MALE: FEMALE 


MALE 161 MALE 32! MALE 146 
FEMALE 165 FEMALE 279 FEMALE 


YEARS AFTER ADMISSION 


Fic. 5. Twenty-year tuberculosis morbidity and mortality experience with moderately 


advanced pulmon ary tuberculosis: by age and sex of patients 


MALE FEMALE 
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MALE 31 \ MALE: 63//\ MALE 
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Fic. 6. Twenty-year tuberculosis morbidity and mortality experience with far advanced 


pulmonary tuberculosis: by age and sex of patients 
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TABLE 6 


Five Yean Kew ie. Sex. ano Exrent oF Distase oN ADMISSION 


Voderately Advanced 


Male wl 15S 140 


Female 


1 at al 
Far tdranced 


2.35 


6 


Cases 


Male 153 
bFemale 145 


Total 7 208 


The extent of disease was also measured by cavity size and the density of the 


roentgenographic shadows. This factor ts considered as much a measure of the 


inflammatory nature ol the lesion as it is @ measure of extent The five-vear re 


sults did not seem to vary with the density of shadows (table 5). On the other 


hand. the morbidity and mortality experience with far advanced disease did 


varv (S) with the density of roentgenographie shadows (figure 4) The greater 
the density of the shadows the poorer the result. This factor had previously been 
found to be an important prognostic sign in patients receiving pneumothorax (th) 
tye and sex: By five-year results, males with far advanced pulmonary tuber 
ia much less (S) favorable course than males with moderately aa 


culosis 
a difference that was not nearly as striking (VS) in females 


vanced disease 
(table 6 l sing the age groups fifteen to twenty three, twenty-lour to thirty 
three, and thirty-four-plus and again dividing cases into those of moderately 
advanced and those of far advanced disease, there were no other important age 
sex differences. Using the twenty-year morbidity and mortality experience 


or 
the results in far advanced disease were slightly (VS) less 


(figures 5 and 6 
favorable with advancing age for both sexes, espec ially males. There were no 
differences in the results by age and sex in the group with moderately advanced 


disease 
Year of admission: Judging both from the five-vear results (table 7) and the 


~ — 
4 
1s 25 Mm All Ages 
Per ‘ Per Per Per 
Tota Poot Cent Tota Poor Cent Total Poor Cent Tota Poor Cent 

14.5 Ws 20 40.5 
| 
Female 22 17.5 6 131 68 51.9 
Total 75 (116 63 63.6 20) «61710 
2.3 109) §2.2 343 45.6 
45.2 149 46.3 677 312 46.1 
‘ 
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TABLE 7 


BY ExTent or Disease oF ADMISSION 


Moderately Ad 


1050 LOST 
1932 1933 
19355 


138 1959 


All 


morbidity and mortality experience (figure 7), there was no particular change 
in the effectiveness of treatment during the ten-year period. There was, on the 
other hand, a considerable reduction in the number of admissions per year and 
no particular change in the proportion ol those with far advanced disease 

Age of disease: Patients who failed to react to tuberculin and/or had a nega 
tive chest roentgenogram within eighteen months before admission were classi 
fied as having “newly acquired” disease. Patients admitted because of reactiva 
tion of disease seen on a chest roentgenogram two or more years before admission 


were classified as having “old” disease. The age of disease in the balance (S81 


per cent) was “undetermined.”’ Results in the undetermined were somewhat less 


favorable than in the known group In addition, 26 per cent of the “old’’ cases 
were far advanced while this was true of only 7 per cent of the “newly acquired” 
cases. For these reasons the very slight (NS) difference in favor of newly a 
quired disease in figure S is not considered reliable 

Age of disease was also estimated from the duration and nature of sy Hiptotis 
and the character of the major roentgenographic shadows in serial films taken 
before and at admission and classified as “new,” “mixed,” and “old.” Particular 
attention Was paid the position of the root and mediastinal shadows and other 
evidence of pulmonary contraction. 

Using this method of estimating age of disease and subdividing causes inte 
moderately and far advanced disease, there was no difference in moderately 
advanced but a considerable difference GS) in far advanced disease (figure 0 
The experience with 32 patients with “old” disease was more than twice as un 
favorable as the experience with 138 with “new disease; 67 with mixed 
disease fell nicely between these two extremes 

Cavity size and location: There was surprisingly little correlation (NS) between 
the presence and size of the largest cavity by five-year results subdivided by 
National Tuberculosis Association classification or twenty-year morbidity and 
mortality (figure 10). Four hundred and seventy-two patients with no cavity 
on admission showed a 22 per cent twenty-year tuberculous mortality while, at 
the other extreme, 349 with cavities of 2.5 em. or more experienced a 28 per cent 


tuberculous mortality; the mortality tended to occur earlier and morbidity was 


: 
Far Advamed A 
Year of Adar 
Tota Poot Per Cent Tota Poor Per Cent Tota Poort Per Cent 

227 67 35 52.2 137 
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1930-34:— 1935-39: 


(839) (665) 


5 10 5 20 
YEARS AFTER ADMISSION 


Fic. 7. Twenty-year tuberculosis morbidity and mortality experience: by year of ad 


Thission., 


NEWLY ACQUIRED: 45 


oO 


20 
AFTER ADMISSION 

Pia. 8. Twenty year tuberculosis morbidity and mortality experience: by known age of 
disease on admission fine thousand one hundred and fifty nine patients were excluded 


because age of disease was undetermined 
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Fic. 0. Twenty-yvear tuberculosis morbidity and mortality experience: by extent and 


catimated of disease 
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Fic. 10. Twenty-year tuberculosis morbidity and mortality experience: by presence and 


size of largest cavity seen on admission 
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, Fic. 1. Twenty-year tuberculosis morbidity and mortality experience: by size of uni 


lateral and bilateral cavity on admission 
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Fie. 12. Primary relapse rates of advanced pulmonary tuberculosis by extent of disease 
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on admission 
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greater in the latter group. Those with 0.5 to 1 em. and 1.5 to 2 em. cavities fell 
between these two categories 

This observation confirms the recent findings of Alling, Lincoln, and Bosworth 
who studied the total diameter of all cavities in far advanced disease (5) 
MeMahon found that cavity closure at discharge was related to size on admis 
sion, but had no long-term data on this point (7) 

There was no demonstrable relationship between the location of the cavity 
within the lung and the results attained. 

The twenty-year morbidity and mortality of tuberculosis in relation to the 
presence on admission of unilateral and bilateral cavity is presented in figure 
11. The patients are further subdivided into those in whom the largest cavity was 
2 em. in diameter or more and those in whom the largest cavity was less than 
2 em. The big difference with respect to cavity proved to be the question 
whether cavitation was unilateral or bilateral. The twenty-year tuberculous 
mortality was 20 and 50 per cent, respectively. Only minor differences were intro 
duced by the size of these cavities. The present results are more favorable than 
those previously reported in 1933 and 1942, in which there was only about 25 
per cent five-year survival of patients with unilateral and less than 10 per cent 
five-year survival of those with bilateral cavity on admission to the hospital 
(7, &) 

Location of disease: In general, there was a tendency for the results to be more 
favorable the more the disease was localized to one lung. There was no demon 
strable relationship between location of cavity and results. There was however, 
a consistent difference (NS) in the behavior of disease predominantly in the 
right versus the left lung. The disease in the left lung apparently behaved more 
favorably. This is the subject of a separate report (9) 

Other factors: Doctors and nurses as a group fared about the same as those not 
vecupationally exposed to the disease 

Acid-fast bacilli were demonstrated in the sputum of 06 per cent of the patients 
by microscopy. Sputum cultures were performed only in very selected cases and 
only after 1936. Analysis of cases by the bacteriologic findings on admission was 
therefore considered noncontributory 

The presence of the tuberculous complications of laryngeal, intestinal, and 
endobronchial tuberculosis, corrected for differences in extent of pulmonary 
disease, was associated with relatively unfavorable five-vear results (S 

Relapse after arrest of disease: Arvest of disease was actually observed in 626 


of 1,206 (52 per cent) of those with moderately advanced and in 99 of 208 (33 


vr cent) of those with far advanced disease (figure 12). Primary relapse oc 


curred in approximately 28 per cent at some time during the ensuing twenty 
vears. The incidence and timing of relapse was not materially influenced by the 
extent of disease on admission, confirming recent reports (4, 5 

Fifty-seven per cent of primary relapses had occurred within two vears after 
discharge, 72 per cent after three years, and 86 per cent had occurred within 
five years. Sporadic primary relapse continued to occur up to twenty-two years 
after discharge. It may be argued that some of these very late relapses repre 


sented exogenous rather than endogenous reinfections (10). 
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COMMENT 


The prognosis of advanced pulmonary tuberculosis in a selected patient popu 


lation was more favorable than has previously been reported (LE 14). This ts 


probably attributable to the favorable socio-economic bae kground and to the 


tendency to avoid the admission of patients with the major compleations of 
pulmonary tuberculosis 

The fact that cavity presence and size had no demonstrable influence on prog 
nosis Was surprising. The selection of treatment may have played a part in this 
unexpected finding (15) 

The incidence and timing of relapse was surprisingly unaffected by the orginal 
extent of disease, once it had become arrested, The incidence of relapse of minimal 
disease after achievement of arrest was an almost identical 27 per cent (2 

It now appears clear that the behavior of pulmonary tuberculosis during the 
first five years after institution of treatment creates a fairly reliable picture of 
what to expect in the future. Whether this will continue to be true of the disease 
since the advent of chemotherapy remains to be seen 

To judge from the experience ol others, the rather limited influence of age and 
sex in this series may be due to the limited numbers of patients more than forty 
years old. 

SUMMAKY 


One thousand five hundred and four relatively selected patients were admitted 
to Trudeau Sanatorium between 1950 and 1939 with advanced active pulmonary 
tuberculosis without major tuberculous and nontuberculous complications. The 
annual status for the next fifteen to twenty-five years was determined with loss 
of contact in less than LO per cent of the whole group 

After twenty years the cumulative tuberculosis mortality was approximately 
20 per cent for moderately advanced and 50 per cent for far advanced disease 

Approximately one-half of the patients with moderately advanced and one 
third of those with far advanced disease achieved arrest of disease before dis 
charge from the sanatorium. Primary relapse occurred in approximately 28 pet 
cent of both the moderately and far advanced groups during the ensuing twenty 
years, mostly within the first five years after discharge 

Morbidity and mortality rates were apparently influenced by the extent of the 
lesions, the increasing age in males, the apparent age ol disease and density of 
roentgenographic shadows in far advanced disease, and by the presence of 
bilateral versus unilateral cavity 

Tuberculosis morbidity and mortality rates were apparently unaffected by 
age in females, the vear of admission during 1930-1939, and the location and 
size ol cavity 

SUMARIO 
La Mortalidad y las Recidivas en la Tuberculosis Pulmonar Avanzada 
intes de la Quimioterapia: 1504 Ingresoa Consecutivos Mantenidos en 
15-25 Attow La Relacion de loa Factores Determinados al Ingresoe 
Mil quimnentos cuatro enfermos algo selecesonados fueron recibidos en el Sanatoneo 


Trudeau entre 1930 y 1939, mostrando tuberculosis pulmonar activa avanzada sin mayores 
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complicaciones tuberculosas o no tuberculosas. Durante los quince a veinticineo afios 
siguientes se determing anualmente el estado de los enfermos perdiéndose de vista a menos 
de 10 por evento 

Al cabo de veinte afios, la mortalidad tuberculosa acumulativa era aproximadamente de 
a por crento para la enfermedad moderadamente avanzada y de 3) por crento para la muy 
ivanzada 

Toseamente, la mitad de los que tenian enfermedad moderadamente avanzada y la tercera 
parte de los que la tenian muy avanzada lograron estacionamiento de la dolencia antes del 
Hubo reeidivaciin primaria iproximadamente en 2 por crento de ambos grupos 
durante los vente afios transeurridos, principalmente dentro de los primeros cinco afios 
consecutivos al alta 

La mortidad y la mortalidad se vieron al parecer afectadas adversmente por la exten 
sion de las lesiones, el avance de la edad en los varones, la edad tparente de la enfermedad 
y la densidad de las sombras racdiograficas en la enfermedad muy avanzada, y por la pre 
sencia de cavernas bilaterales en vez de unilaterales 

La morbidad y la mortalidad tuberculosas no fueron al parecer afectadas por la edad en 


las mujeres, el afo de ingreso durante 1930-1939 y la loealizacién y el tamafio de la caverna 


KESUME 


Vortalilé et Rechute dana la Tuberculone pulmonaire avancée non compliq se, avant 
la ¢ himiothérapr 1604 {dmiasions conaécutives auivies pendant 16a Ana 


/ Kapport entre lea facteura déterminés a Uadmiasion 


ll a @té admis au Sanatorium Trudeau, entre 1930 et 1939, 1504 malades relativement 
a(lectionnés. Ces sujets présentarent une tuberculose pulmonaire active étendue, sans com 
plications tuberculeuses ou non tuberculeuses majeures. L’état annuel a été déterminé 
pour les quinze A vingt cing années suivantes; la perte de contact avec les patients était 
inférieure & 10 pour cent 

Au bout de vingt ans, le taux cumulatif de mortalité était approximativement de 20 
pour cent pour les cas moyennement étendus et 50 pour cent pour les cas tres étendus 


ben gros, larrét de la maladie a été observé avant la sortie de l’hépital chez un tiers de 


ceurs presentant une tuberculose moyennement étendue et un tiers des cas dont |'affeetion 


était trés avancée. Dans les deux groupes, la rechute initiale s'est produite dans approxi 
mativement 28 pour cent des cas au cours des vingt années suivantes; la plupart dans les 
emg premiéres années suivant la sortie de l'établissement de cure 

La morbidité et la mortalité semblaient influencées de fagon adverse par |'étendue des 
lésions, l'augmentation de l’Age chez l'homme, la durée apparente de la maladie et la densité 
des ombres racdiologiques dans les cas trés étendus, ainsi que par la présence de cavernes 
bilatérales par Opposition sux lésions cavitaires unil itérales 

La morbidité et la mortalité par tuberculose ne paraissaient pas influencées par l'Age 
chez la ferme, l'année de l'admission au cours de la période 1930-1939, ni par le siege et les 


dimensions de la caverne 
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INTRODUCTION 


One thousand five hundred and four patients with active advanced pulmonary 
tuberculosis without major tuberculous and nontuberculous complications were 
admitted to Trudeau Sanatorium between 1930-1939 and, in more than 90 per 
cent of the group, the patients were followed to death or to 1955 1954 (1). A 
retrospective analysis of these cases was concerned with factors determinable at 
the beginning of treatment (1). The present report is a further analysis of the 
same patients by events which occurred during sanatorium residence and by the 
treatment used 


A deseription of the materials and methods ts presented in the first report. 


OBSERVATIONS 


Results by type of collapse used: An attempt was made to determine the rela 
tive effectiveness of the various forms of treatment being used in| 1950-1959 
A patient was classified as having received pneumothorax when refills were con 
tinued for six months or more. A patient was classified as having received phreme 
nerve interruption only if hemidiaphragmatic paralysis was obtained. Patients 
having thoracoplasty often had had pneumothorax and or phrenic nerve inter 
ruption first. Because of the small numbers, all patients who had thoracoplasty 
were so classified whether they had had pneumothorax and or phrenic nerve 
interruption before or not 

As measured by “five-year results” (see the first paper of this series for defini 
tion (1)) in 1425' of 1420 patients, the best (VS)* treatment for moderately 


advanced disease was “no collapse” while the best GS)* results in far advanced 


From the Trudeau Saranac Institute, Trudeau, New York 

?This study was aided by «a grant from the Committee on Medical Research of the 
American Trudeau Society, medical section of the National Tuberculosis Association 

! Present address: The Colorado Foundation for Research in Tuberculosis, University 
of Colorado Medical Center, Denver, Colorado 

‘Four of the 1429 patients available for study of five year results had some form of 
treatment other than pneumothorax, phrenie nerve interruption, thoracoplasty, or no 
‘ col Lin pre 

*S = statistically significant: A difference which might have arisen from ¢ hance alone 
in no more than 2 per cent of cases All differences which failed to meet this criterion were 
rated as nonsignificant (NS) even though, in many instances, they may have been indicative 


of possible or even likely interdependence of the developments being tested 
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TABLE 1 
Five Year Resets py Use or is at Discnance 
oF ON ADMISSION 
Moderately Advan ed Far Advanced 
Poor Resul Poor Results 
Num Num Per 


ber ber ent 


None 244 
Pneumothorax 
Phrenie nerve interruption i 
Pneumothorax plus phreme 

nerve interruption : 17 


Thorac oplast \ 
All ist 


Four other” collapses 


disease were obtained with thoracoplasty Pneumothorax was second best im 
the far advanced group and apparently more effective (VS) than phrene nerve 
interruption and no « ollapse 

Using the twenty-year morbidity® and mortality experience (figure 1), however 
there was little or no difference, except a greater loss of time in the thoracoplasty 
patients | VS) 

These results doubtless reflect the hesitation to accept thoracoplasty on the 


part of both patients and physicians characteristic of those “early days.” More 


over, there was some additional delay in returning to work occasioned by the 
then rather drastic surgery. On the other hand, the results with thoracoplasty 
are especially good when it is considered that there was a much higher propor 
tion of far advanced disease in this group than in the other groups 

In addition, the thoracoplasty candidates usually represented farlures of rest 
and reversible collapse treatments 

The thoracoplasty mortality was either surgical or a result of primary failure 
to achieve control of disease rather than late relapse. This may be seen in figure 
2 In the figure are recorded all patients admitted with moderately advanced 
disease who had achieved control of their disease at the time of discharge trom 
treatment, as measured by cavity and bacteriologie findings 

There has been no tuberculous mortality in 16 thoracoplasty patients GS 
(this was true of 43 with far advanced disease as well) whose disease had been 
brought under control thereby. This was not the case with $25 with no « ollapse 
229 with pneumothorax and 5S with phrenic nerve interruption Whose disease 
was apparently just as well controlled at discharge. The comparability of these 
observations is not adversely influenced by the fact that thoracoplasty was often 


delaved until after obvious failure of other forms of treatment 


* Morbidity is defined for the purposes of this paper as active tuberculosis under treat 


ment, whether it was the original illness or a relapee 


ad 
AND 
All 
Poor Result 
Num Pet 
es ber Cent 
125 67 53.6 231 7.0 
408 2s 671.4 SOS 
7 70.0 24 58.5 
425 237 #171 1,425 655 46.0 
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YEARS AFTER ADMISSION 
Fie. 1 


Twenty 


ear tuberculosis morbidity and mortality experience of 1 451 consecutive 
patients with advanced pulmonary tuberculosis with major complications: by four types 
of treatment used. (Twenty-three patients were excluded because ‘‘other’’ treatment was 
used.) 


WOCOL 323 229 


10 20 


0 20 10 20 
YEARS AFTER ADMISSION 


Pia. 2. Twenty-year tuberculosis morbidity and mortality experience of 626 consecutive 


patients with moderately advanced pulmonary tuberculosis, discharged with no cavity or 
tubercle bacilli in the sputum: by type of treatment used 


PNX 69 PHR: 23 THOR: 5 


20 
ria 


}. Twenty-year tuberculosis morbidity and mortality experience of 197 selected 
patients with moderately advanced pulmonary tuberculosis with one cavity 1 to 


2 em. in 


diameter in one lung, minimal disease in the other, and tubercle bacilli in the sputum on 
sdmission, and no cavity or bacilli in the sputum at discharge: by type of treatment used 


WA 
THOR 73 
\ 
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At it Y WY 
20 
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80 
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Similar data is presented in figure 3 on a very select group of patients meeting 
criteria set up to permit an even more reliable comparison All had moderately 
advanced disease. a | to 2 em. eavity in one lung, minimal disease in the other, 
tubercle bacilli in the sputum on admission to the hospital, and control of disease 
by cavity and sputum findings on discharge. The findings duplicate those noted 
in figures | and 2, namely, that little difference exists betwee the various 
treatments except thoracoplasty, of whi h there were only 5 cases 

Results by use of pm umothorar: Pneumothorax pro ed to be less effective than 
ne collapse S) when no cavity was present Pneumothorax was equally ellective 
when small (0.5 to 2.0 em.) cavities were present and was more eflective when 
large (2.5 em. or more) cavities were present figure 4 Some doubt ts raised about 
the validity of this observation because patients who received no collapse for the 
first two to twelve months would often receive pneumothorax later because ot 
progression ol disease or failure to achieve control of the disease 

An effort was then made to determine the relationship of the timing of the 
initiation of pneumothorax to the results obtained (figure 5 

In the first place, the timing of pneumothorax (divided into those initiated 
within the first six weeks of treatment and those initiated later) was related to 
the presence and size of cavity on admission GS): the larger the cavity, the earher 
pneumothorax was Initiated, Second, the twenty-year morbidity and mortality 
experience was not influenced by this factor 

In figure 5 it is also indicated that pneumothorax results as measured by the 
twenty-year morbidity and mortality experience were not influenced by the 
presence or size of cavity, divided between those smaller and those larger than 
2 cm. in diameter 

The twenty-year morbidity and mortality expernence with 110 patients who 
were found to have empyema following pneumothorax therapy may be seen in 
figure 6. The five-year mortality was 30 rising to 50 per cent at twenty years, 
confirming a previous observation made by a less comprehensive method (4 

Primary relapse rates by type of treatment: All patients who had achieved con 
trol of disease by the time of discharge from the hospital, as measured by absence 
of cavity and negative bacteriologic findings, were considered at risk of relapse 

Relapse is defined as any unfavorable roentgenographic and/or bacteriologic 
event leading to active treatment. The primary relapse rate is defined as the 
incidence of first relapses corrected by life table for differences in the year of onset 
after arrest. In figure 7, confined to 626 such patients with moderately advanced 
disease on admission, and previously studied in figure 2, by far the most favorable 
experience (S) was again observed with thoracoplasty: there was only a 5 pet 
cent relapse rate in twenty years. There was little difference between the other 
three forms of treatment except that, with phrenic nerve interruption, relapse 
was prone to occur earlier (NS) and more often (NS) than with pneumothorax 
or neo collapse 

The experience with far advanced disease was entirely comparable with that 


seen with moderately advanced disease but was based upon too lew cases to 


justify recording the data. The twenty-year primary relapse rate in 45 such 


patients treated with thoracoplasty was again 5 per cent 


a 
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NO COLL: PNX: 
NO CAV CAV 


NO COLL | NO COU 299 
74 PN 273 


jie sid 
10 20 10 20 
YEARS AFTER ADMISSION 

kia. 4. Twent vear tuberculosis morbidity and mortality experience of 1.277 consecutive 

patients with advanced pulmonary tuberculosis: by presence and size of cavity on admission 


and use of pneumothorax or no collapse 


STARTED IN IST 6 WKS LATER 
No CAV Cav | 


| 
0 20 
YEARS AFTER ADMISSION 


kia. 5. Twenty year tuberculosis morbidity and mortality experience of 541 consecutive 
patients with advanced pulmonary tuberculosis treated with pneumothorax: by the timing 


of the initiation of pneumothorax and size of cavity present 


5 
YEARS AFTER ADMISSION 


Pia. 6. Twenty vear tuberculosis morbidity and mortality expenence of 110) patrents 


with advanced pulmonary tuberculosis who developed tuberculous empyema complicating 


artifietal umothorax 
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NO COLL 325 


THOR 16 


10 15 
YEARS AFTER ADMISSION 


7. Primary relapse rates of moderately vivanced pulmonary tuberculosis: 620 pa 


with no eavity or tubercle bacilli in the sputum at discharge: by type of treatment 


NO COLL 100 


j 


PHR 24 


5 10 15 20 
YEARS AFTER ADMISSION 
Fic. &. Primary relapse rates of 197 selected patients with moderately advanced pul 
monary tuberculosis with one cavity | to 2 em. in diameterin one lung, minimal disease in 
the other lung and tubercle bacilli in the sputum on admission, and no cavity or tubercle 


bacilli in the sputum on discharge: by type of treatment used 


In figure & the same very select group of patients with moderately advanced 
disease described in figure 3 were at risk of relapse. There were only 5 with 
thoracoplasty, none of whom had relapse. The results were approximately the 
same as those shown in figure 7 except that those with no collapse were the least 
favorable (NS 

Results by status at discharge Five-vear results by the National Tuberculosis 
Association classification (Diagnostic Standards, 1950 edition) at discharge are 
shown in table 2. The results were more favorable in those patients discharged 
“apparently arrested” or “arrested” than in’ those discharged as “qulescent”’ 
or “active” (S). Slight differences within these two groups, however, were not 
significant 

In table 3, the presence or absence of cavity and the bactermologic findings at 
the time of discharge from the hospital are measured by the five-year results 


The presence of cavity and tubercle bacilli in the sputum were of about equal 


prognostic importance and the best results were being obser ved in patients with 


no cavity and no demonstrable tubercle bacilli in the sputum. In addition, there 


100+ 
2 PHR 58 
| 
| 
PNX 229 
| 
|, 
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100 - 
{ 
50 
« 
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was nothing to choose between the two types of criteria evaluated in tables 2 
and 

In patients discharged under favorable circumstances by either of these eriteria 
(tables 2 and 4), the original extent of the lesion (whether moderately or far ad 
vanced) had no influence on five-year results or primary relapse rates. When 
discharged with unfavorable findings, however, experience with far advanced 
disease was much less favorable OS 


Six hundred and ninety-seven of 7536 patients who did not receive collapse 


treatioent spent at least six months at the sanatorium, were alive on dise harge, 


and had chest films which were available for review. The over-all change in 


TABLI 


hive Year wy oF ADMISSION AND BY THE 


National AssoctaTion SSIFICATION AT Discnance 


Quiescent iv 7 im 49 


Arrested 


All 105) 6 1.361 «61S 


Sixt eight patients were ¢ xeluded hbeeause of ce ith at sanatorium or a sta tow 


to permit classifeation 


TABLE 3 
Five Year Re ny Caviry ano Bacrertotoaic Finpines av Discuance 
anv» Exvent’ or Distase ON ADMISSION 
Moderately Advanced Far Advan 


Poor Re 


Number 


Negative 
Positive 


All 


Negative 
Positive 


All 


Negative 
Positive 
All 1,080 


Seventy six patients were excluded because ° it sanatorium or inadequate 


; 
2 
Moderately Advanced Far Advanced A 
NTA‘ at st Discharge Poor Result Poor Result Poor Result 
| pee | | | Nes Per 
ter tent ter tent ter 
| short 
ME... 11s Poor Results Poor Results 
Cavity ta 
Presene vote Per Per Per 
Cent vumuer Cent 
No 235 3.7 S12 275 33.9 
3 Yeu s4 53 7 77.8 
Os 70 71.4 SS 15s S14 
123 67 6 105 287 21s 76.0 
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TABLE 4 
Five-Year Reseurs py CHances tnx First Stix ro Twenve 
MontTus swith No ONLY 


Marked 2 3 2! 25.0 
Slight ‘ 7 5 
No change ; wo 


Undetermines 
All ri 6160 
Thirty-six patients were excluded because of death at sanatorium or inadequate dat 


serial roentgenograms for the first six to twelve months was classified as “marked 


clearing,” “slight clearing,”’ “‘no change,’ and “undetermined The 


pulmonary status of these same patients was also classified by the presence or 


absence ot pulmonary contraction, Le., a demonstrable shrinkage of aerated 
lung in the involved area during treatment This latter factor was not determined 
in LOL patients because adequate films permitting a review of six to twelve months 
of treatment were not ay ailable or because evaluation of this factor was obscure dl 
by pleural changes and the like Patients receiving collapse were excluded from 
this study not only because contraction was thus artificially produced in most 
such cases, but also because the changes in roentgenographir shadows were often 
obscured thereby The findings in table 4 were almost entirely those obtaimed 
on discharge of these patients 

In table 4 it is evident that five-year results were better when “marked cleat 
ing” occurred than when there was only “slight clearing’ or “no chang iS 
On the other hand, there was no demonstrable relationship between five-year 
results and the occurrence of visible pulmonary contraction. Among those with 
no clearing 1. no change,” those with pulmonary contraction fared somewhat 
better than those with no contraction (VS 

Results by amount of bed rest maintained: Attempts to correlate retrospectively 
the amount and kind of rest taken with the results obtained in pulmonary tuber 


eulosis have been unsatisfactory at best (2 


and even misleading (4 

In the present study, the patients who did not receive collapse were studied in 
Various groups by the extent of the original lesion, on the one hand, and the 
amount of modified bed rest, the duration of sanatorium residence, and time 
away from full employment, on the other. A group of patients vith approxi 
mately an equal amount of moderately advanced disease with one cavity (ae 


figures 3 and S) were studied separately. The consistent finding in all of these 


Pulmonary Contraction 
ve Undeter ed 
Che of 
I r Result Poor Result Poor Result Poor Result 
Per | Total | Per pep Total 
Cent ber Cent Cent bes Cent 
219 is 4 
647.5 
“7 
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subgroups was that the more rest taken according to all three definitions, the 


poorer the five-vear results GS 


COMMENT 


The comparison in retrospect of patients treated in different ways is notort 
ously unreliable, principally because of the differing reasons for the seleetion 
of the treatment for each patient It was common practice during the nmeteen 
thirties at Trudeau Sanatorium to observe patients on rest for several weeks 
or months before trying a pneumothorax or phrenic nerve interruption, the latter 
usually first. Primary thoracoplasty was preceded by pneumothorax, phrenic 
nerve interruption, or attempts thereat in 52 of the 73 patients so treated. On the 
other hand, in those days patients had to be in a rather favorable general condi- 
tion before being acceptable for major surgery. Under these circumstances the 
record made by those patients receiving thoracoplasty is still quite impressive. 

On the other hand, a great many patients were given pneumothorax within 
a few weeks after diagnosis, often before admission to Trudeau Sanatorium 
Contrary to a common belief, early pneumothorax did not appear to be any less 
effective (or more dangerous) than when it was delayed for six weeks or more. 
This may be due, however, to the inclusion in the early pneumothorax group ol 
many patients who would have done perfectly well on rest alone 

Studying many of the same patients, cavity size was previously found to be 
related to results at the end of the first year, at abandonment of pneumothorax, 
and three years later (4). The present study used different criteria to measure 
results and divided cases into two groups, with cavity larger and smaller than 
2 em., in contrast to three groups (0.5-3.0, 4 56.0, and more than 6.5 em. in 
diameter) in the earlier study. The major difference was that the determination 
of cavity size was made on admission in the present study and immediately be 
fore induction in the earlier one 

It should be re-emphasized that the inability to demonstrate a relationship 
between the results and the amount of rest taken does not mean that more rest 
is not beneficial and less rest is beneficial. There is little doubt that the findings 
here reflect the clinical condition of the patient and the good judgment of the 


physician in the individual case rather than the ineffectiveness of rest. The find- 


ings indicate, moreover, that there are no statistical techniques to permit the 
introduction of individual differences which were evident to the patient's phy 
sician at the time but not recordable in a chart or visible upon review of the 
films. In short, it is very probable that more rest was usually prescribed (and 
taken) by the patient with the less favorable over-all clinical situation 


SUMMARY 


One thousand five hundred and four consecutive patients with advanced 
active pulmonary tuberculosis with no major tuberculous and nontuberculous 
complications were admitted to Trudeau Sanatorium in 1950-1959 and followed 
for fifteen to twenty-five years with loss of contact in less than 10 per cent 

As measured both by tuberculosis mortality and relapse, and before the intro 
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duction of effective chemotherapy, thoracoplasty has stood the test of time far 
better than pneumothorax, phrenic nerve interruption, or no collapse 

Relapse was apt to occur earlier following achievement of control of disease 
with phrenic nerve interruption than with pneumothorax or no collapse 

Late pneumothorax results were not related to the presence or size ol cavity 
nor to whether it was initiated within six weeks of the beginning of hospital 
treatment or later 


Pneumothorax was more effective in far advanced disease than phrenic herve 


Interruption or no collapse The three methods were ol approximately equal 


effectiveness in moderately advanced disease 
The results in patients \ he did not receive collapse varied with the degree al 
clearing but not with the degree of pulmonary contraction seen during the first 


six to twelve months of treatment 


SUMARIO 


La Mortalidad ¥ culosia Pulmona franzada sin Compli 
de la Guimiol apia;l 504 Ingresos Consecutivos Mantenitdos en Observacion 


lie + La Relacién entre la Clase de Tratamiento y el Estado al Dar el A 


Mil quiniwntos cuatro enfermos consecutivos con tuberculosis pulmonar activa avan 
zada, pero sin mayores complicaciones tuberculosas o no tuberculosas, fueron recibidos en 
el Sanatorio Trudeau en 1930-1939 y mantenidos en observacién durante quince a venti 
emeo afios, perdiéndose de vista a menos de 10 por erento 

A prec iada a la luz tanto de la mortalidad tuberculosa como de las recidivas intes de 


la introduecién de la quimioterapta eficaz, la toracoplastia ha resistido la prueba de los 
ios mejor que el neumotérax, la avulsion del frénico o ln falta de colapse 

Las recidivas mostraron propension presentarse més tempranamente a continuacin 
del dominio de la enfermedad con la avulsion del frénico que con el neumotorax o a falta del 
colapso 

im re sult del neumotorax t ardio nose rel wionaron con la presenetia de 
el tamafne de éstas ni consu iniciacion en término de seis semanas del principio de la enferme 
dad o tarde 

neumotérax result6 més efieaz en la enfermedad muy avanzada que la del 
fréne oo que la taita le col ben la enfermedad moderadamente avanzada, los tres méto 
dos mostraron una eheacia aproximadamente igual 

Los resuit en los entertmios nore rone ol variaron le woe on hing 
nitud del despejo, pero no con el grado de la contraceion pulmonar observada durante los 


primeros seis a doce meses de tratamiento 


ME 


Vorta ihe pulmonat avancée non compliquer arant 


a nioth 1504 Admissions conadcutive sivies pendant 15 a 26 an 


Rappo tentre le 7 de Traitement et I 'Rtat de 1,’ 1 tion ala Fin de la Cure 


Une séne consécutive de mille cing cent quatre malades atteints de tuberculose pulmo 
naire active trés étendue, sans complications tuberculeuses ou non tuberculeuses majeures 
ont été admis au Sanatorium Trudeau de 19304 1939. Ces cas ont 616 suivis pendant quinze 
a vingt cing ans, ie contact a été perdu ivec 10 pour cent des malades 

Par rapport au taux de mortalité et de rechute, et avant Vintroduction d’une chimio 
thérapie effieace, la thoracoplastie a beaucoup plus favorablement soutenu l’épreuve du 


temps que le pneumothorax, la paralysie du phrénique ou l'absence de collapsus 
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La rechute était susceptible de se produire plus t6t apres ia réalisation du contréle de 
affection par la paralysie du phrénique, que par le pne umothorax ou l'absence « ollapsus 
Les résultats Gloignés du pneumothorax ne dépendaient mi de la présence ou de la dimen 
sion de la caverne, ni #’il était instauré dans les six premiéres semaines du traitement ou 


plus tard 


Le pneumothorax était plus effieace dans les cas plus avancés que la paralysie du phrén 


que ou l'absence de collapsus Les trow méthodes poss dasent une efhieacité approximative 


ment égale dans les cas moyennement étendus 


Les résultats obtenus chez les patients nb ayant pas ete soumis au collapsus variarent 


selon le degré d’éclaircissement du poumon, mais non avee celui de la contraction pul 


monaire observée durant les six A douze mow du traitement 
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ON THE PROGNOSIS OF CHILDHOOD TUBERCULOSIS':* 
An Eighteen-Year Follow-Up Report 
NILS LEVIN 


teceived for publication November 30, 10J4 


INTRODUCTION 


In a thesis published in 1934 and entitled “Etude Clinieobactériologique sur 
la Possibilité de Déceler la Présence de Bacilles Tuberculeux chez l'enfant par 
la Méthode du Lavage de I’Estomae”’ (1), the results were reported of investi 
gations in 349 children. The study was subsequently extended to comprise 454 
children up to fifteen years old. The final results were published in 1955 (2) 
These children had received sanatorium care for suspected or verified active 
pulmonary tuberculosis. In all cases roentgenographic examination and culture 
of gastric lavage for WM. tuberculosis had frequently been carried out. In table 1 
the children are classified according to type of tuberculosis, age, and the bac 
teniologic findings. For the definition of the various groups the reader is referred 
to the original thesis (1 

In the present paper, the 1935 report is termed the “initial study.” The sur 
viving children, who have now reached adult age, have been re-examined. The 
aims of the investigation were to determine the prognosis ol various types of 
tuberculosis in childhood with regard to the age at which the disease developed ; 
the prognostic significance of bacteriologic findings in gastric washings at the 
initial examination; and the causes of death and the duration of survival after 
diagnosis 

For the sake of clarity the persons followed up have been placed in the cate 
gories they occupied in the initial study. This distribution, while perhaps not 
completely adequate by present-day standards, is still acceptable. In some tables 
in the present report certain groups have been combined. These consist of pa 


tients who originally showed active parenchymal lesions in a primary or second 


ary stage (Group I A (/ a)) and patients with active hilar adenitis with or with 
out perthilitis (Groups | A (2 a) and J A (2 b), respectively). These groups are 
collectively termed “primary tuberculosis.”” They are compared with cases of 


active pulmonary tuberculosis (Group 1 A (1 b)), designated “post-primary 
tuberculosis.” 
MATERIALS AND METHODS 


Method of Follow up Observations 


The children were traced through population registers and the records of tu- 
berculosis dispensaries. Of the original 434 children, records of 426 were available 


' From Lanssanatoriet, Uttran, Sweden 

? Sponsored by the Swedish National Association Against Tuberculosis 

* Presented before the Seventeenth Seandinavian Tuberculosis Meeting, Stockholm, 
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TABLE 1 


or THE IN THE INITIAL Srupy AcconoiIne vo 


1. Cases with positive 
roentgenographi 
pulmonary signs 
\ \etive tuberecu 

losis of lung 
hilar lymph nodes 
1) With paren 
chymatou 
change 
a.of prumar 
ind second 
if 
wlult 
type 
With 
node changes 
a with peer 
4, without 
perthilitis 
Inactive tuber 
culosis of lungs 
snd hilar lymph 
C'ases with negative 
roentgenographie 


“en 


for examination. The other 8 patients are now living abroad or are registered as 
missing. Forty-seven of the children are dead and the pulmonary status at death 
had been satisfactorily determined in all eases. Of the 379 survivors, all but IS 


consented to re-examination by standard or mass roentgenography. This was 


undertaken at the hospital or tuberculosis dispensary nearest: their homes. If 


such examination had closely preceded the follow-up survey, further films were 


considered unnecessary. The distribution in the original series of the IS “non 
participants” and the 8 “missing persons’ is shown in table 2 

Nonparticipants and missing persons were few in number and were tairly 
evenly distributed in the various groups. In the following report, therefore, such 


persons will be disregarded 


— 
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TABLE 2 
IN Fottow Us 


Showing 1 Puberculosis and Bacteriologie Findings in Initial Stud 


In the present study, 04 per cent of the children comprising the original series 
were roentgenographically re-examined 


Observation Period 


The initial study was carried out from September, 1951 to Mareh, 1054: ane the 


follow up 
study. in the three eur pe niod to 1052 


Phus the observation period in the surviving 
patients ranged from sixteen to twenty-two years. The great majority of the ehildren 


however, were first seen in 1933 and were re-examined in 1051, so that eighteen years was b 


far the most common observation period. For this reason, grouping of the series according 


to the duration of observation was considered unnecessary 


hoe nlqe nographu Classification 


The standard-size or miniature roentge nogrames of 40S person sere examined Thi 


total includes the 47 patients who died. In the roentgenographic assessment the following 


classification was employed 
No demonatrahle lesions 
Calcification: Detinite ealcifications in the pulmonary parenchyma or hilar 


ireas. Since the films were assessed by several examiners and the recording of 


small calcifications, particularly on miniature roentgenogram is not alwa 


considered necessar the number of persons in this ente gor regarded 


an understatement 

Inactive High! densified mottled and streaky paren hyvmal lesions of 
ippearance Oceasionally their inactivity was checked by culture of gastri 
washings 


ictive: Pulmonary lesions suggestive of active tuberculosi 


OBSERVATIONS 


The results at the time of follow-up examination arranged according to the 


roentgenographic classification presented above are shown in table 3 


Healed or active lesions on follow-up examination: Signs ot healed tuberculosis 


in the form of calcification or presumed fibrotic areas were demonstrated at 


Follow Study 
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follow-up examination in 33 per cent of the persons whose gastric washings 
initially were negative for tubercle bacilli and in 43 per cent of those with ini 
tially positive bacteriologie findings. The difference is almost statistically sig 
nificant, the probability of chance being less than 5 per cent. The sole imference 
permissible, however, is that, on roentgenograms taken sixteen to twenty-two 
years after a tuberculous infection in childhood, one in three of the persons with 
gastric Washings initially negative for tubercle bacilli and two in five of those 
with initially positive gastric washings showed signs of healed tuberculosis 

The most interesting cases in the follow-up study are those in which the initial 


investigation showed active tuberculosis of the lungs or hilar lymph nodes 


(Group I A). This group is presented in table 4. In one column are shown all 


TABLE. 4 


Fottow-Ure Roenroenocraruic FiInpings iN Persons wirn Active at 
roe EXAMINATION 


Healed 


Primary tuberculosis (sroup 


LA 


Total 


Post primary tuberculosis 


Group TA 


Total 


Grand total 


~ — 
Age at 
initio Lesions and Active lien Tote 
' / No Demon Puberculosi Pubercul 
strable Lesion 

it l 2 fe 

ar ‘ 

115 22 2s 
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persons whom the follow-up roentgenograne ehowed inactive forms ol tuber 
culosis demonstrable lesions, calcified and imactive lesions). The patients 
who died of unrelated causes are not included in table 4 in Group I A there 
were six such deaths Phe respective causes were an accident thirteen years alter 
tuberculosis Wie diagnosed, poliomyelitis alter sixteen years, cardiac anomaly 
after three years, eerebral tumor after four years, and pneumococeal meningitis 
three years alter the diagnosis of tuberculosis. At the time of death none of these 
5 patients showed any signs of active tuberculosis. The sixth patient died of 
diphtheria ten months after admission to tuberculosis sanatorium Although 
the pulmonary disease was active, diphtheria was considered to have been the 
primary cause of death. A comparison wae made between the children shown to 
have primary tuber ulosis at the initial examination and those with post-primary 
lesions. As in previous reports, these categories are grouped according to age at 
diagnosis (table 4). OM the 254 persons included in table 4, 82 pet cent showed no 
signs of active tuberculosis at the follow-up examination, 5 per cent had active 
lesions; the remaming 13 per cent had died of tuberculosis 

Vortality and morbidity of promary and of post-primary tuberculosis: There 1s 
conspicuous difference i the mortality rates of the children with primary and 
post -primary tuberculosis. The figure for the former is 7 per cent and for the 
latter 63 per cent. This tallies well with the general experience that the prognosis 
of tuberculosis contracted in childhood is graver for post-primary than for pri 
mary forme (4, 4 

That the mortality in the primary tuberculosis group increased according to 
the age at which the disease was detected is also shown in table 4 In the children 
leas than ten years of age at diagnosis, the mortality ranged from 6 to} per cent, 
while in the eleven- to filteen year-old group it wie 18 per cent This reflects the 
heightened tuberculosis risk during puberty 

In the children who originally showed post-primary tuberculosis, the death 
rate in all age groups wae considerably higher than for primary tuberculosis. The 
relationship of fatality to age was to some extent reversed. From a 100 per cent 
case fatality rate in children less than three years old at the time ot the diagnosis 
of post-primary tuberculosis, the death rate fell to SO and 46 per cent, respee 
tively, im the children aged four to six and seven to ten years at the time of 
diagnosis However, in the eleven- to fifteen-year old children, 1e., including the 
age of puberty, the figure rose to 67 per cent. Nevertheless, these groups were 
so small that the mortality rates cannot he considered to represent more than a 
trend 

Morbidity was also greater i the post-primary than in the primary group. 
Ten per cent of the former patients and 4 per cent of the latter showed active 
tuberculosis at the follow-up examination In this case also, the numbers were 
too small to permit a statistically verifiable difference 


Ultimate prognoste significance of presence of tube rele bacilli in gastree washings 


during primary phase The prognostic significance in primary tuberculosis of the 


presence ol tubercle bacill in gastrie washings at the initial examination Was 


studied. In table o it may he seen that, of the children who were discharging 
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TABLE 5 
STOENOGHAPHIC FINDINGS IN Persons wrrn Paimary 


roe EXAMINATION 


tubercle bacilli at the time of the initial study, SS per cent showed no signs of 
active tuberculosis at the time of follow-up examination; whereas 4 per cent had 
active tuberculous lesions. The corresponding figures for the children with pri 
mary tuberculosis and no tubercle bacilli in the gastric washings in the initial 
study are 02 and 4 per cent. There is thus no clear difference in this respect be 
tween the groups; nor is the difference in mortality between the two groups (8 and 
5 per cent, respectively) statistically verifiable 

From a proghostic aspect, therefore, the results of bacteriologic tests on gustric 
Washings in the acute stage of primary tuberculosis are apparently without 
signifieanes 

This view was also expressed by Wallgren (5). On the other hand, Poulsen 
and Andersen (6) found «a higher death rate from tuberculosis in children who 
were discharging tubercle bacilli when first seen with primary tuberculosis than 
among those who were noninfectious at this time. The respective mortality rates 


ina total of 622 children less than ten vears old were 20 and 5 per cent. The ob 


servation period was not stated. A similar expenence Was reported by Nissen 


Mever (7). In 142 children less than twelve vears old, who were tuberculin re 


actors and whose gastric Washings were negative for tubercle bacilli, no deaths 
occurred; while, of 68 children in the same age group who were discharging 
tubercle bacilh, 4.6 per cent died of tuberculosis. The observation period, how 
ever, was only two vears. Winkelmann (8 deseribed only children with open 
tuberculosis,’ ie., all cases in which tubercle bacilli were demonstrated on 


microscopy of sputum or gastrie washings. His series consisted of 154 hospitalized 


‘ 
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children aged two to fourteen years and followed for three to thirteen years. The 
mortality rate in children who persistently discharged tubercle bacilli was 91 
per cent. Of those discharged from the hospital in the noninfectious state, 20 per 
cent stubsequently died of tuberculosis. 

Active pulmonary tuberculoms: As shown in table 4, the follow-up survey re- 
vealed 12 cases of active pulmonary tuberculosis, 9 of which were originally 
recorded as primary and 4 as post-primary tuberculosis. Many of the patients 
have been ill for long periods and several have been treated with artificial pneu- 
mothorax or thoracoplasty. Detailed case histories are unnecessary for present 
purposes, but some idea of the patients’ present condition may be gained from 


the following data 


Post primary 
Grou 


Fit for work 
Unfit for work, at home 


Unfit for work, in hospital 


Thus, 42 per cent of the persons who still had active tuberculosis were able to 
work at the time of the follow-up investigation. 
Deaths from tuberculosis: Thirtyfour of the children who had active tubercu- 


losis at the initial examination are dead. These have been classified into two 


groups. The first comprises deaths from tuberculosis of the lungs with non- 


meningeal tuberculous complications, such as empyema, enteritis, and laryn- 
gitis, and is termed the “pulmonary tuberculosis’ group. The second, the 
“meningitis” group, consists of patients who died of tuberculous meningitis 
with or without coexistent demonstrable miliary tuberculosis. The relationship 
between the cause of death and the bacteriologic findings is shown in table 6. 

The proportion of children with gastric washings initially positive for tubercle 
bacilli was so similar in the pulmonary tuberculosis and meningitis groups that 
bacteriologic findings per se seemed to have no significance with respect to the 
chance of developing meningitis. Because of this the results of such tests are dis- 
regarded in the following analysis of the fatal cases. 

TABLE 6 
Cause of Death 
washings 


Pulmonary Tuber: ulous 
Tuber: ulosis Meningitis 


Positive for tubercle bacilli 


Negative for tubercle bacilli 


Primary 
4 
Total 4 12 
2 7 30 
77% 23% 
3 
4 75% 25% 100%] 
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PABLE 7 


DiaGnosis IN Farat 


Primary tubereulosis (Group I A 


Potal 


Post primary tuberculosi Group (lh 


Total 
(jrand total 


TABLE & 


Causes or 


Age at Diagno 


Pulmonary tubereulost 


Tuberculous meningitis 


In table 7 may be seen these cases grouped according to the type of disease at 
the outset (primary and post-primary tuberculosis), the age at which the dis 
commenced , and the Cause ol death The commencement ol the Is 
regarded as the date on which pulmonary or hilar lesions were first deteeted 
Previous manifestations from which the child had recovered, such as erythema 
nodosum or pleurisy, are not taken into account 

One-fourth of the deaths were due to tuberculous meningitis. In the children 
initially showing primary tuberculosis, the proportion was 33 per cent; and in 
those with post-primary lesions, only 16 per cent. The figures, however, are too 
small for statistical verification 

Fatal tuberculous meningitis was most common in the younger children. Of 
all the deaths from this cause, 75 per cent oecurred in children less than three 
years old at the initial examination (table 8). Of the total deaths in this group, 
S6 per cent were due to meningitis (table 9) 

The survival time for all 34 cases is diagrammatically presented in figure | 
This shows clearly the distribution of the causes of death in the primary and 


post-primary groups. As could be expected, no case of meningitis oecurred in the 
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TABLE 9 
IN Tupercu.osis 


Cause of Death 


Age at 


first group more than seven years after the pulmonary disease was diagnosed, 
and none in the seeond group after more than ten years. It should be pointed 
out that in the period under review tuberculous meningitis was almost always 
fatal. None of the children in this series who developed meningitis survived. On 
this point, therefore, the study contributes to the somber background against 
which the advances made in recent years form such an encouraging contrast 

In 1955, Lundquist (9) reported a follow-up study of a series similar to that 


herein presented, consisting of children admitted to the same hospital as in the 


present study during the period 1910-1920. The total mortality in Lundquist’s 


series Was 24.5 per cent as compared with 13 per cent in the present study. Thus, 
the mortality from tuberculosis in children in this one institution fell by almost 
OO per cent im the interval between the two reports 

In table 10 are presented the findings from other investigations undertaken 
about the same time as the initial study in this report and comprising children 
of similar ages and with similar types of disease. The results have been grouped 


according to the form of tuberculosis 


é 
2. 
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Fig. 1. Distribution of the 34 fatal cases according to survival time and eause of death 
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rABLE 10 
FINDINGS rrom Oruern INVESTIGATIONS UNDERTAKEN AT Time as 


Present Reront 


fy pes of Intrathoract T uberculos 
Lundquist (4 1933 «6926 O15 1020 
Beltle (10 1038 406 O7 1931-1055 


Levin 1955 2 Ol 151 
mary Intrathoract 


Nalbant (12 
Wallgren (13 1903S «453 
Denstad (14 
Jaceottet and Nieod (15 SAT 
Holmdal (16 10M) 
Bentley ef al. 17 1954 
Lineoln (1s 1954 GSO l2 
Levin 1955 | 224 5 
Primary Intrathoracic T ubere 


Nalbant (12 115 
Bentley ef al. (17 1954 116 O16 
Levin 1055 Os 
Open" Pulmonary Tuberculosis 
Lundquist (4 1033 O15 
Klare and Bohning (19 1938S) 476 Children and 
outh 
Simon (20 140) 70) “Pre puberty 
Winkelmann (S 1050) 2-14 
Levin 1055 Os 


* Verified tuberculosis mortality i434 per cent 


t Only patients with erythema nodosum 


In table 10 it may be seen that the trend of the mortality figures was fairly 


constant, although the observation periods of the other reports were shorter 


than in the present investigation. Primary intrathoracic tuberculosis carried a 


relatively low death rate, ranging from 3 to 21.5 per cent, with a mean of ap 
proximately 7 per cent. For post-primary tuberculosis the mortality was con 
siderably higher (49 to 63 per cent). “Open” tuberculosis showed the highest 
figures. All children who were discharging tubercle bacilli were included in the 
group designated open” tuberculosis 

Thus, the results in the present study are in conformity with other reports in 
the literature. The existing discrepancies may to some extent be explained by 
Variations in the composition of the different series, and by social and genetic 


lactors 
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The clinical material of the present study was derived from the pre-antimi- 
erobnal era. Only those persons who etill showed active tuberculous disease at 


follow-up examination had received any antimicrobial drugs 


SUMMARY 


Four hundred and thirty-four children with verified or suspected intratho 
racic tuberculosis were followed up tor periods ranging trom sixteen to twenty 
two years. Detailed roentgenographie and bacteriologie studies had been carried 
out in childhood. Follow-up roentgenograms were obtained in {4 per cent of 
the series 

Special study of the 254 children who initially showed active tuberculosis 
gave the following results: 

In 82 per cent, the follow-up roentgenograms revealed no active tuberculous 
lesions. Five per cent had active disease and 13 per cent had died of 
tuberculosis 

The mortality rate of the persons who originally showed primary tubereu 
losis was strikingly lower than that of the children who originally showed 
post-primary lesions, viz., 7 and 65 per cent 

In the “primary” group the mortality rate increased with the age of the 
child at diagnosis. This trend was reversed in the “post-primary”’ group ex- 


cept in the children who contracted tuberculosis during puberty. Such ehil- 


dren had proportionately high death rates in both groups 
Of the persons in whom the initial examination showed primary lesions and 
gastric washings positive for tubercle bacilli, 88 per cent were without active 
disease at follow-up examination and 4 per cent had active lesions. The cor 
responding Ggures for primary tuberculosis with negative gastri washings 
were 92 and 4 per cent. The results of bacteriologic tests on gastric washings 
during the acute phase of the disease would thus seem to have lacked prog 
nostic significance 
Of the 12 persons with active tuberculosis at follow-up examination, 5 were 
fit for work. Analysis of the 34 fatal cases showed that death from tuberculous 
meningitis was more common in the children who initially showed primary le 
sions than in those with post-primary disease. In both groups most of the deaths 


from meningitis occurred in early childhood 


SUMARIO 


Del Prondatico de la ] ube uloat la \ ane he aena he “un todo he Is he 


Observacion 


A 44 nifos que tenian tuberculosis intratoracica comprobada sospechada se les man 
tuvo en observacion durante periodos que variaron de dieeiséis a veintidés afios. bon la nihez 
se habian llevado a eabo minuciosos estudios radiogrificos y bacteriolégicos. por 
ciento de la serie, se obtuvieron radiografias durante el periodo subsecuente de observa 
crn 

[El estudio especial de los 24 nifios que revelaban al principio tuberculosis activa arrojé 
los siguientes resultados 

Eon S82 por ciento, las radiografias subsecuentes no revelaron lesiones activas, Cineo 


por ciento tenian enfermedad activa y 13 por ciento habian f illecido de tuberculosis 


bee 
‘ 
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bl coeficiente ilidad en las personas que revelaron inieralmente tuberculosis 
primaria ‘ | vente mas bajo que lade los nifos que tentan lespone post prt 

marias r crento, respectivamente 
la mortalidad aumenté de acuerdo con la edad del nife al 


hacer el diagt treo. Se invirtio esta tendencia en el grupo postprimara excepto en 
los nifhos que contrajyeron la tuberculosis durante la pubertad. nifos tuvieron 
coehcentes proporcionalmente mas altos de mortalidad en ambos grupo 
De las personas en quienes el examen inicial mostro lesiones primaria lavados gas 
tricos positivos para bacilos tuberealosos, SS por crento no mostraron enfermedad ma 
tiva al hacerse el examen subsecuente } por cento tenian lesiones activa Las cifras 
corre nites para ia tuberculosis primaria con lavados ghatricos negativos tueron 
de W2 1 por qento, respeetivamente Los resultados de las pruebas bacilares en los 
lavados gdstricos durante la fase aguda de la dolencia parecen, pues, haber carecido de 
importancia diagnostics 
De las 12 personas que tenian tuberculosis activa al hacerse el examen subsecuente, 5 
estaban en aptitud de trabajar. bl andlisis de los 34 casos letales revelé que la muerte por 
meningitis tubers ulosa ern mas frecuente en los nifios que re velaron il le 
primarias que en les que tenian sfeccion postprimaria hen ambos grupos, la mayor parte de 


las muertes por mneningitis tuvo lug ir en la nifez temprana 


Du Pronoatic he ia therculose Infantile Rapport aur Ohaervation 


Quatre cent trente quatre enfants atteints de tuberculose intrathoracique contirmeée 
ou soupconnée ont été sulvies pendant des ye nodes variant entre seize et vingt deux anes 
Des études radiologiques et bactériologiques avaient (146 poursuivies pendant lenfanes 
Dest sdiogrammes riodique s ont obtenus dans ‘4 pour cent de cette 

Une étude particuliére de 254 enfants qui présentaient initialement une tuberculose 
active a donné les résultats suivants 

Dans S82 pour cent des cas, les radiogrammes périodiques n'ont révélé aucune lésion 
en activité. La maladie était active dans 5 pour cent des eas et 13 pour cent des malades 
ont succombé A la tuberculose 

Le taux de mortalité des sujets présentant initialement une primo-inteetion était 
nettement plus faible que celui des enfants présentant des lésions post primaire, respec 
tivement 7 et 63% 


Dans le groupe ‘primaire’, le taux de mortalité s’accroissait avee lage de Ventant au 
moment du diagnostic. Une tendance inverse était observée dans le groupe promt 
primaire’, sauf chez les enfants qui avaient contracté la tuberculose pendant la pu 
berté. Chez ces enfants, le taux de mortalité était proportronnellement plus élevé dans 
les deux groupes 

Parmi les sujets chez lesquels examen initial montrait des lésions primaires aver 
prélévements gastriques positifs pour le bacille de Koch, SS pour cent ne présentarent 
pas de tuberculose en activité au cours des examens périodiques suivants et 4 pour cent 
ivaient des lésions en activité. Les chiffres correspondants pour la primo infection 
vee prélévements gastriques négatifs étarent de 2 et 4 pour cent Les résul des 
tests bacillaires sur les liquides de lavage gastrique pendant la phase aigue after 
tion paraissent ainsi dépourvus de signification pronostique 

Parmi 12 sujets présentant une tuberculose en activité au cours d’observations péno 


diques, 5 étaient en état de travailler. L’analyse de 34 cas ayant succombé montrait que la 


mort par méningite tuberculeuse était plus fréquente chez les enfants présentant initiale 


ment des lésions de primo infection que chez ceux porteurs de lésions “post  primaires 
Dans les deux groupes, la plupart des décés par méningite se sont produits dans la premiere 


entance 
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Case Reports 


TRANSITORY EXACERBATION OF FEVER AND ROENTGENOGRAPHIC 
FINDINGS DURING TREATMENT OF TUBERCULOSIS IN CHILDREN: 


B. CHOREMIS, C. PADIATELLIS, D. ZOUMBOULAKIS, YANNAKOS 
Received for publication September 24, 1954 


In a previous report on the use of streptomycin in the treatment of tuberculosis in 
children (1), one of the present writers emphasized the disparity between the slowly 
subsiding roentgenographic findings, particularly those due to hilar adenitis, and the 
relatively rapid clinical improvement. In general, a definite improvement in the roent 
genographie findings was not observed until the third month of therapy (la) 

(Another interesting observation of that period was the aggravation of hilar adenitis 
during the course of miliary tuberculosis treated with streptomycin which occurred at a 
stage when the lung findings had started to subside. This was attributed to the congestion 
of the lung, which masked the outline of the adenitis in the beginning of the disease (1h) 

The introduction of multiple-drug treatment with isoniazid-streptomyein (2-4) has 
considerably changed the treatment of tuberculosis in children, both in the relatively 
simple forms and in the more severe forms, such as meningitis 

During the treatment of the acute primary complex with isoniazid containing regimens, 
4 phenomenon occurred with sufficient frequency to make its oecurrence as a coincidence 
most unlikely. The phenomenon consisted of the reappearance of fever for a five. to 
eight-day period during the second and third weeks after the beginning of treatment, 
and after the pretreatment fever had already subsided and the patient had improved 
clinically 

This return of fever under therapy has been observed in 22 of 43 patients treated in 
the clinic. The febrile exacerbation was not followed by an aggravation of the patient's 
condition, and symptoms suggesting an allergic reaction to the drugs were not observed 
\ careful clinical examination did not disclose any evidence of the occurrence of a non 
tuberculous infection. In every case, however, there was an increase in the physical 
findings in the chest and an aggravation of the roentgenographic picture in the form of 
perifocal infiltrations or atelectasis. Consequently, it was believed justifiable to at 
tribute the new elevation of temperature to the basic tuberculous disease. The duration 
of the fever usually ran parallel to the degree of exacerbation of the roentgenographiv 
findings. The subsidence of these findings was slow, but a definite improvement was 
noted usually approximately a month later, at least in the patients studied for that 
length of time. In no case were any complications from other systems observed during 
this period of febrile exacerbation except for a nild meningismus in a few « s. but 
never a true meningitis 

The antimicrobial therapy was neither interrupted nor modified and the fever sub 
sided by itself. It is worth mentioning that the severity of the febrile episode seemed 
to be related to the acuteness of the primary infection, Le., it was more severe in pri 


mary infections with high fever and tox sVinptome 
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The following case reports are representative of this phenomenon as it was observed 


in the 22 cases as a whole 


Case 1 (B. B.). The patient was a 7-year-old female child who was admitted to the hospital 
on March 5, 1954. Her mother had active pulmonary tuberculosis. The child had a high fever 
of fifteen days’ duration. On physical examination the child looked ill, with pallor and high 
fever. The tuberculin reaction was positive (Mantoux 1:10,000, 3-plus). The leukocyte 
count was 8,900 per cu. mm. and the differential count revealed a prevalence of lymphocytes. 
The erythrocyte sedimentation rate was 60 mm. (Westergren); the urine contained rare 
leukocytes, and no tubercle bacilli were found in the sputum 


Case 
Fig. 1A. Roentgenogram of chest taken on admission to the hospital showing miliary 
tubercles uniformly distributed in both lungs from apex to base with prominent productive 


lesions 
Fig. 18. Roentgenogram of chest taken approximately twenty two days after beginning 


of treatment, showing no new lesions except some infiltration in left hilus 
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Fria. 1C. Return of fever and intensification of roentgenographic findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin. Without alteration 
or interruption of the chemotherapy, there was disappearance of the fever and satisfactory 
regression of the roentgenographie findings. The isoniazid daily dosage was 10 mg. per kg 
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Roentgenographic examination on admission showed miliary tubercles uniformly die 
tributed in both lungs, from apex to base, with prominent productive lesions. The roent 
genographic diagnosis was hematogenous tuberculosis of the lungs with increased density 
in both hilar areas (figure 1A 

Therapy was started with streptomycin, 0.4 gm. twice daily, and isoniazid, 0.05 gm 
four times daily (10 mg. per kg. of body weight). Ten days after the beginning of treatment 
the temperature returned to normal and the patient’s general condition was markedly 
improved. Twelve days later a new febrile wave (101.3° to 103.1° F.) was observed (figure 
1C’) while the patient's condition remained relatively good. Roentgenograms taken at that 
time revealed no other lesions except some infiltration of the left hilus (figure 1B 

The patient's temperature was elevated for approximately four or five days and then 
fell to within normal limits. Twenty days later and while the treatment was continued 
another febrile wave appeared. The roentgenographic findings at this time were as follows 
a marked enlargement of the density in the left hilar area combined with a perthilar reac 
tion, but the parenchymal lesions were apparently regressing 

The fever lasted four days; the patient remained in the hospital for twenty days more, 


after which she was discharged in good condition 


Case 2 (C. No. 43 (855)). The patient was a 36-month-old female child who was admitted 
to the hospital on May 4, 1954, from the Foundling Hospital. She had a slight temperature 
anorexia, and cough of ten days’ duration. On admission the temperature ranged between 
101.3° and 103.1° F. The tuberculin reaction was positive (Mantoux 1:10,000, 3-plus). The 
leukocyte count was 12,000 per cu. mm. with a prevalence of lymphocytes. The erythrocyte 
sedimentation rate was 25 mm. (Westergren). The sputum contained no tuberele bacilli 
and the urine was normal 

Roentgenographic examination on admission showed enlargement of the left) hilus 
with diffuse nodular infiltrations in the adjacent parahilar lung field. The superior medias 
tinum was displaced to the left (figure 2A 

Treatment was started which consisted of 2 * 0.2 gm. of streptomycin and 100 mg. of 
isoniazid (10 mg. per kg. of body weight 

Right days after the beginning of treatment, there was marked improvement and 
apyrexia. Ten days later a new febrile wave eceurred (99.5° to 101L.3° BF.) which lasted 
four davs, but was not sccompanied by igeravation of the patient's condition. Roent 
genograms taken at that time revealed typical atelectasis of the mght upper lobe. The 
remaining lung fields showed no other findings (figure 28). After five days the patient's 
temperature was normal (figure 2¢ Approximately a month later she was discharged in 


good condition 


Case 3. The patient (S.) was a 10 month-old female infant who was admitted to the 
hospital on April 28, 1954, with a history of exposure to tuberculosis and a high tempera 
ture and cough of fifteen days’ duration. Physical examination revealed nothing abnormal 
The tuberculin reaction was positive (Mantoux 1:10,000, 2-plus). The leukoeyte count was 


11,000 per cu. mm.; the erythrocyte sedimentation rate was 45 mm. (Westergren). The 


sputum was positive for tubercle bacilli and the urine contained a few erythrocytes 

Roentgenographic examination on admission revealed a disseminated process in both 
lungs and increased density at the left hilar area, presumably due to enlarged tuberculous 
lymph nodes (figure 3A 

The patient was started on chemotherapy, consisting of streptomycin and isoniazid, 
the latter in a daily dose of 10 mg. per kg 

Four days after the beginning of treatment apyrexia with a good general condition was 
observed. Fifteen days later a new febrile wave of four to five days’ duration occurred 
figure 3C°) while the patient’s condition remained good. Roentgenograms taken at that 
time revealed an increase in the densities previously noted and atelectasis of the left upper 
lobe with soft nodular lesions conglomerated in both lungs (figure 38). The patient was 


discharged forty five days later in good condition 
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Case 2 


Fig. 2A. Roentgenogram of chest taken on admission to the hospital showing enlarge 
ment of the left hilus with diffuse nodular infiltrations in the adjacent parahilar lung field 
Fic, 2B, Roentgenogram of chest taken approximately eighteen days after beginning of 
treatment, showing typical atelectasis of the right upper lobe. The remaining lung fields 


showed no other findings 


TEMPERATURE 
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Fig. 2C. Return of fever and intensification of roentgenographic findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin. Without alteration 
or interruption of the chemother apy, there was disappear ince of the fever and satisfactory 


regression of the roentgenographic findings. The isoniazid daily dosage was 10 mg. per kg 


Case 4. The patient (K.D.) was a male child two and one-half years old who was sdmitted 
to the hospital on February 22, 1954. There was no familial history of tuberculosis or other 
known tubere ulosis « \posure Following measles, the child had had a high temperature 
W222 to WHO FE of exght days’ duration. On admission to the hospital the child looked 
il. Physical examination was unremarkable. The tuberculin reaction was positive (Mantoux 
121,000, 3 plus). The leukoeyte count was 12,000 per cu. mm. and the Diff eount of 52 mm 
revealed a prevalence of lymphocytes. The erythrocyte sedimentation rate was 84 mm 
Westergren). Sputum was positive for tubercle bacilli and the urine was normal 
Phe reentgenographic examination on admission showed increased density at the right 
hilus and widening of the right paratracheal lymph nodes, faint infiltration of the adjacent 
pulmonie purene hyma, and nodular exudative processes in the left lung below figure 4 1 
Antimicrobial therapy with isoniazid streptomycin was started. The same dosages were 


tised as in the previous Cases 
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Fig. 34. Roe ntgenogram of chest taken on admission to the hospit sl, revealing a dis 
seminated process in both lungs and increased density at left hilus, presumably due to 
enlarged tuberculous lymph nodes 

Fic. 3B. Roentgenogram of chest taken approximately nineteen days after beginning of 
treatment, showing an increase in densities previously noted and atelectasis of the left 


upper lobe with soft nodular lesions conglomerated in both lunges 
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Fie. 3 teturn of fever and intensification of roentgenographic findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin. Without alteration 
or interruption of chemotherapy, there was disappearance of the fever and satisfactors 


regression of the roentgenographie findings. The isoniazid daily dosage was 10 mg. per kg 


Ten days after admission improvement of the patient’s condition and apyrexia were 
noted. leven days later a new febrile wave oeeurred (101.3 to 102.1° F.) while the patient's 
condition remained good (figure 4¢ Roentgenograms taken at this time revealed increased 
markings in the nght lung fields and infiltration of the right lobe, with nodular-exudative 
lesions at the adjacent base (figure 44). Twenty days later the patient was discharged in 


good condition 
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Case 4 


Fic. 4A. Roentgenogram of chest taken on admission to the hospital showing increased 
density at right hilus and widening of right paratracheal lymph nodes, faint infiltration of 
the adjacent pulmonie parenchyma, and nodular-exudative processes in the left lung 

Fic. 4B. Roentgenogram of chest taken approximately twenty-one days after beginning 
of treatment, showing increased markings in the right lung fields and infiltration of the 


right lobe, with nodular-exudative lesions at the adjacent base 


2223/24); 


TEMPERATURE 


Fic. 4C. Return of fever and intensification of roentgenographie findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin, Without alteration 
or interruption of chemotherapy, there was disappearance of the fever and satisfactory 
regression of the roentgenographic findings. The isoniazid daily dosage was 10 mg. per ke 


Case 6. The patient (B. L.) was a 6-year-old girl with no family history of tuberculosis 


She had had a slight temperature of ten days’ duration. On admission to the hospital the 
patient looked ill, was feverish (99.5° to 101.2° F.), and had anorexia. The tuberculin reac 
tion was positive (Mantoux 1:10,000, 3-plus). The leukoeyte count was 10,000 per cu. mm.; 
the erythrocyte sedimentation rate was 48 mm. (Westergren). The sputum was negative 
for tubercle baeilli 

Roentgenographic examination on admission to the hospital showed typical enlarge 
ment at the right hilus and infiltration of the right paratracheal lymph nodes with increased 
bronchovaseular density in the right lung (figure 5A 

Treatment was started with isoniazid streptomycin in the same dosage as was used in 
the other patients in this series 

Fight to ten days after the beginning of treatment, marked improvement and apyrexia 
were noted. Twelve days later a new febrile wave of four to five days’ duration occurred 
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Case 5 
Fic. 54. Roentgenogram of chest taken on admission to the hospital showing typical 
enlargement at right hilus and infiltration of right paratracheal lymph nodes, with im 
creased bronchovascular density in right lung 
Fic. 5B. Roentgenogram of chest taken approximately twenty days after beginning of 
treatment, showing increased infiltration of the regional parahilar parenchyma 
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CASE 5 


Fic. 5C. Return of fever and intensification of roentgenographie findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin. Without alteration 
or interruption of chemotherapy, there was disappearance of the fever and satisfactory 


regression of the roentgenographic findings. The isoniazid daily dosage was 10 mg. per kg 


figure 5f No aggravation of the patient's condition was observed. Koentgenograms taken 
at that time revealed that, compared with the previous film, there was inereased infiltration 


of the regional parahilar parenchyma (figure 58 


Case 6. The patient PP.) was a male child twoand one-half years old who was admitted 
to the hospit sl on June 11, 1954. There was no family histor of tuberculosis The patient 
had had a high temperature of twenty days’ duration, On sdmission he looked ill, weak 
and had anorexia. Physical examination was otherwise normal. The tuberculin reaction 
Was positive Mantoux 1:10.000, 3 plus The leukoevte count was 24,000 per cu. mm The 
Diff count reve sled pre silence of polymorphonue lear neutrophils 

Roentgenographic examination on admission showed a typical increased density at the 


left hilus, presumably due to enlarged tuberculous lymph nodes, with perthilar infiltration 
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Case 6 


Fic. 6. Return of fever and intensification of roentgenographic findings during third 
week of treatment of primary tuberculosis with isoniazid streptomycin, Without alteration 
or interruption of chemotherapy, there was disappearance of the fever and satisfactory 


regression of the roentgenographie findings. The isoniazid daily dosage was 10 mg. per kg 
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Case 7 
Fic. 7. Return of fever and intensification of roentgenographie findings during third 
week of treatment of primary tuberculosis with isoniazid streptomyein Without alteration 
or interruption of chemotherapy, there was disappearance of the fever and satisfactory 


regression of the roentgenographie findings. The isoniazid daily dosage was 10 mg. per kg.4 


The patient was started on isoniazid streptomycin therapy in the same dosages as were, 
used in the other patients 

Ten days after the beginning of treatment, the temperature was normal and the patient 
was feeling well. Ten days later, while treatment was continued, a new febrile wave of six 
days’ duration oecurred while the patient's condition remained good (figure 6 Roentgen 
ograms taken at that time revealed that, compared with the previous film, there was an 
increase in the densities and atelectasis of the left upper lobe (subelavian region 

The patient was discharged two months later in good condition. 
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Case 7. The patient (M. D.) was a 5-year-old boy with no family history of tuberculosis 
He bad had a high temperature of eight days’ duration, anorexia, and weakness. On ud 
mission to the hospital the patient looked ill ind his temperature was 101.3 to 102.2 I 
The tuberculin reaction was positive (Mantoux 1:1,000, 3-plus). The leukoeyte count was 
10,000 per cu. mm. and the sputum was negative for tubercle bacilli 

toentgenographic examination on admission showed an increased density at the right 
hilus with a faint parahilar infiltration 

Treatment consisted of the same isoniazid streptomycin regimen as was used in the 
other patients 

Six days after the beginning of treatment the patient's temperature became normal 
ind his condition was good. Fifteen days later and while treatment was continued the 
temperature was again elevated for four to five days (figure 7). The patient's satisfactory 
condition was not changed at this time 

toentgenograms revealed marked aggravation in markings extending and infiltrating 
the perihilar field and the horizontal fissure. Five days later the temperature was again 
normal and the patient’s general condition was good. He was discharged a month later, 


showing definite improvement 


COMMENT 


The present investigation indicated that, during treatment with isoniazid streptomyecm 
of acute primary tuberculosis in children, a new elevation of temperature of ap 
proximately a week's duration frequently oecurred between the seeond and third weeks 
This febrile reaction was not usually accompanied by any worsening of the patient's 
general condition. The phenomenon has appeared so frequently in this clin that the 
staff has almost come to anticipate it. The phenomenon was also observed during treat 
ment with streptomycin alone but oecurred less frequently and, hence, had not oeca 
sioned much attention 

Many of the patients with tuberculous meningitis in this clinic who were treated 
either with streptomycin alone or with isoniazid streptomycin showed pyrexia associated 
with an aggravation of the cerebrospinal fluid findings which was attributed at that time 
to the treatment itself. A more detailed study of the cases in the present investigation 
revealed that the relapse of fever during the treatment of primary tuberculosis was 
always accompanied by an extension of process visible on the roentgenogram, either 
under the form of perifocal infiltrations or, in some cases, of atelectasis adjacent to 
adenitis 

The explanation of this phenomenon is obviously not easy, It is difficult to consider it 
as not bearmng some relation to the form of treatment applied (ty In fact, it ws beheved 
that the exacerbation of the roentgenographic findings may be attributed to an intense 
exudative reaction which occurs under the influence of the treatment with isoniazid 
streptomycin which might produce marked bacteriolysis and thus liberate tuberculin in 


large amounts. If such a process occurred, it might easily result in the development of 


perifocal infiltrations ind atelectasis. It is known that the injection of tuberculin mto a 


tuberculous host results in local focal reactions 

The very interesting work of Thiel (5) on the treatment of tuberculosis of the eye with 
amithiozone supports the above view. This writer distinguished two categories of pa 
tients: those who tolerated the drug without any reactions and those who exhibited in 
flammatory reactions during treatment. The reactions appeared four to six weeks alter 
the administration of the drug or after an increase in dosage. In a few cases they appeared 
repeatedly in a rhythmical way. They consisted of typical focal reactions (Typrscher 


Hlerdreaktionen) and rarely of new foci, Occasionally the reactions were pot limited to 
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the eves but extended to the pulmonary lesions. Thiel believes that, when the reactions 
were not exceptionally strong, they accelerated the healing of the tuberculous process 
He interpreted the phenomenon as a liberation of toxic, tuberculin-like substances as a 
result of the action of the amithiozone. Thiel considered this phenomenon similar to 
observations made during the era when tuberculin was used in the treatment of tuber 


culosis. Finally, it is interesting to speculate on whether the use of cortisone might be 


justified during the transitory period of exacerbations noted during treatment with 


isoniazid streptomycin, for cortisone has had extensive use in the treatment of tuberculous 
meningitis 

The start of treatment with isoniazid-streptomyecin might conceivably produce a 
tuberculinization of the host and, by increasing the reactivity of the tuberculous foc, 


produce the development of peritor al infiltrations and atelectasis 


{ddendum 


Since the completion of this paper, 4 more ty pical cases of the return of fever during the 
third week of isoniazid streptomyein therapy have been observed in this climie 
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A CASE OF AIR EMBOLUS DURING PNEUMOPERITONEUM 
VICENTE LOPEZ MAJANO 
Received for publication October 25, 1054 


\ sudden accident occurred during the instillation of air into a pneumoperitoneum, A 


description of this event forms the basis of the present report: 


A male patient (J. V. P.), thirty-six years old, was admitted to the Sanatorio Durin in 
April, 1953. A diagnosis of pulmonary tuberculosis had been made in July, 1950, and the 
roentgenographic findings were interpreted as showing infiltrations with a tendency to 
caseation in the left upper lobe and a bronchogenic extension of the disease into the right 
upper lobe 

In July, 1951, a left intrapleural pneumothorax was initiated and was maintained during 
fourteen months. In April, 1953, a pneumoperitoneum was established but had to he 
abandoned after two months because of an abundant hemorrhage whi himplhed the presence 
of adhesions. The patient was given isoniazid from June, 1952, until September 14, at 
which time sodium metansulfonate of isoniazid was substituted and administered until 
the present time. The patient also had been taking para-aminosalicylie acid (PAS) since 
November, 1953. In March, 1954, a left pleuropneumonectomy was performed because the 
pneumothorax had produced a total atelectasis of this lung. After the pleuropneumonee 
tomy, some of the lesions in the right upper lobe reactivated and pneumoperitoneum had 
to be resumed on August 23, 1954. There was also a tuberculous inflammation of the right 
upper bronchus. Strong adhesions were presumed to be present because it could be observed 
on fluoroscopy that the liver was adherent to the diaphragm, Originally the punctures for 
the pneumoperitoneum were made in the left iliac fossa but, in view of the above mentioned 
discomfort, the puncture site was changed to the right iliac fossa, almost at the point of 
MaeBurney 

On October 18, the eighth puncture of the second series was being performed in the 
usual manner, without anesthesia, with a No. 20 needle with a guard, The patient was in the 
recumbent position, with his head a little lower than the rest of the body. The initial pres 
sure was more than 7 em. of water. Everything went well until, while insufflating 300 ce 
of air, it was observed that the patient was grimacing Asked what the matter was, he con 
firmed that he was in pain. He then became speechless and gradually lost consciousness 
As soon as he had complained of pain, the insufflation was stopped and the pressure was 
checked and found to be greater than 9 em. of water 

While the pressure was being determined and the needle was being withdrawn, the 
patient suddenly grew worse. He presented the following symptoms loss of consciousness, 
tonic and clonic convulsions; progressive cyanosis; cyanotic and red spots which would 
appear and disappear, steadily increasing dyspnea, abundant foamy salivation; loosening 
of both sphincters (the patient defecated and urinated); bradycardia and hypotension 
(for a moment the pulse was not perceptible); and temporary blindness when consciousness 
returned 

As treatment has to be symptomatic, an attempt was made, first of all, to ensure an 
abundant supply of oxygen to the cerebral centers In order to do this, the patient was 
placed in the Trendelenburg position, given an intramuse ular injection of nikethamide 
(Coramine”). and 5 liters of oxygen were administered each minute. It was not necessary 
to use carbon dioxide or to treat the peripheric collapse because the patient recovered 
rapidly. 

After a few moments the signs of peripheric collapse disappeared. At the same time the 
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patient ln gan to recover Consciousness The cyanosis slowly subsided and the blood pres 
sure rose gradually. The patient had begun to regain consciousness four minutes after the 
accident and was fully conscious within ten minutes. The blindness and a turbidity of 
vision took two more minutes to dis ippear The dy apnea ¢ ontinued for half an hour. At this 
time the patient was given a cup of coffee, which he vomited. He was well except for a 
sensation of intense cold 

As soon as the patient had reeuperated, he was taken to the X-ray room and a fluoroscopic 
examination was made. Nothing abnormal was found except that the intraperitoneal ur 
chamber was very low (because of the above-mentioned adhesions). When he stood up, 
even though the arterial pressure was SO systolic, 6) diastolic in mm. of mereury and the 
dyspnea had greatly diminished, he suffered a sudden hypotension that made him vomit 
violently. This ceased after he was placed in the Trendelenburg position. During the eight 
hours following the accident the patient complained of a slight headache, and he wanted 
nothing to eat that day. The tendon reflexes, motility of the extremities, consciousness 


and vision were all normal 


COMMENT 


The symptoms and the fact that the interior of the needle was full of blood when it 


was removed led to the conclusion that the syndrome had been produced by an au 


embolus. In order to prevent similar accidents during pneumoperitoneum, it would seem 


advisable to maintain the patient’s head at a lower level than the rest of the body during 
and for a while after the puncture. The benign course of the above deseribed case was 
probably partly due to the fact that the patient had been in this position. Abrupt move 
ments should be avoided. No patient with strong intra-abdominal adhesions should be 


treated with pneumoperitoneum 


SUMMARY 


An abrupt episode characterized by convulsive seizures, loss of consciousness, and 
temporary amblyopia occurred during the instillation of air into a pneumeoperitoneum 
It was concluded that air embolism had occurred although the mechanism by which 


this could happen remains obseure 
SUMAKIO 


Caso de Embolia Aérea Durante el Veumoperitoneo 


Durante la insuflacién de aire en un neumoperitones sobrevino bruscamente un episodio 
earacterizado por convulsiones, pérdida del conocimiento y ambliopia temporal. Deddjose 
que habia ocurnido una embolia aérea permanece en la obese urid ad el 


que pudo motivar el percance 
RESUME 


lin cas d'embolie gazeuse au cours d'un pneamopéritoine 


Un incident aigu, caractérisé par des crises convulsives, perte de connaissance et amblyo 
pie temporaire, est survenu pendant l’insufflation gazeuse d'un pneumopéritoine. L’auteur 
en conelut qu'il s'est produit une embolie gazeuse bien que le mécanisme l’ayant condi 


tionnée demeure obseur 


Notes 


RESISTANCE OF GUINEA PIGS TO INFECTION WITH SMALL NUMBERS 
OF VIRULENT TUBERCLE BACILLI MIXED WITH BCG 


This report presents comparative tuberculosis mortality figures among groups of 
guinea pigs inoculated (7) with small numbers of virulent tubercle bacilli and (2) with 
equal numbers of virulent bacilli mixed with a suspension of a BCG strain. The purpose 
of the experiment was to determine whether the presence of a few virulent mutants in 
samples of BCG vaccine might escape detection by guinea pig passage. That such is the 
case with streptomycin-dependent tubercle bacilli has been demonstrated.' This strain, 
like the BCG strains, is incapable of producing progressive tuberculosis in the guinea pig 
and yet in vitro methods show that it contains a few approximately one in 10 non 
dependent virulent cells 

The animals were inoculated with 10 °° and 10°? dilutions of «a culture of virulent 
tubercle bacilli, and plate counts later revealed that the number of bacilli inoculated 
was greater than was originally intended. Nevertheless, the animals were observed during 
a period of three and one-half years, at which time the survivors were sacrificed. The 
findings, in addition to revealing considerable individual variation in susceptibility to 
infection with virulent tubercle bacilli, indicate that the presence of a few virulent 


mutants in BCG vaccine would not necessarily be detected by guinea pig inoculation 


The strain of BCG used in this study was BCG 805, Series 2, Collection # 4633S, obtained 
on Lowenstein medium from Dr. Konrad Birkhaug of the New York State Health Labora 
tories. The strain was carried in liquid Tween" albumin; the dosage employed was 1 ml. of 
a 10 ' dilution of a ten-day-old culture. The culture was further diluted to 10 ¢ for plating 
to determine the number of viable units per ml, and it was thus established that the BCG 
dose contained approximately 20 million bacilli 

The virulent tubercle bacilli employed were the progeny of a single colony of stock strain 
H37Rv obtained from the tissues following guinea pig passage. A liquid Tween* albumin 
culture of these bacilli was diluted to 10° * and 10-7 in O.1 per cent albumin in water. The 
number of viable units per ml. was determined by preparing a series of twenty oleic acid 
agar pour plates* for each dilution, using | ml. of inoculum. Variation among the plate 
counts Was greater with the 10 * dilution because of the large number of colonies, but there 
was good agreement between the two dilutions; the average for the 10 © plates was ap 
proximately 370 colonies while the average for the 10-7 platings was 39 colonic It would 
have been better for the purpose of this experiment if a further dilution had been employed, 
but the findings are remarkable even with the relatively large 10 * inocula 

The guinea pigs used were inbred albinos weighing between 700 and SOO gm. All failed to 
react to tuberculin (5 per cent Old Tuberculin (OT)) immediately preceeding the study 
They were divided into five groups of 20 animals each; one group received BCG alone 

ipproximately 20 milion viable cells); the second group received | ml. of the 10> * dilution 
of H37Rv; the third group reeeived 1 ml. of the 10-7 dilution of H37Rv; and the fourth and 
hith groups reee:ved equivalent numbers of H37Rv and 107, respectively, plus the 
sune number of BOG becilli as the first group. Inoceulations were made subcutaneously in 
the groin. 

The intradermal tubercuiin test was repeated at intervals during the observation period 
and the animals were inspected frequently for general appearance and were palpated for 
enlarged lymph nodes. A few animals were sacrificed for bacteriologic study. Neeropay 


'VanpeRLINDE, R. J., Yeatan, D.: Am. Rev. Tubere., 1951, 63, 96 
? Yeatan, D., ann Bupp, V.: Am. Rev. Tubere., 1951, 64, 81. 
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TABLE 1 


Dearn or Guinea Pros Genenatizen as INFLUENCED BY 
InocutatTion or BCG anv NUMBERS OF 


Infecting Dose 


Time of Death BCG BCG 

Hi7Ry 10 
During firet 12 months 3 0 
2 to 24 months 5 5 0 
24 to 42 months 5 7 6 2 0 
Total for each group It 13 13 s 0 


was performed on all animals, and culture of the internal organs was carried out in those 


animals in whieh gross evidence of tuberculosis was not observed 


One month after inoculation, all of the animals reacted to the intradermal injection of 
5 per cent OT and all had palpable inguinal lymph nodes on the side of inoculation. 

The deaths from generalized tuberculosis in each group are listed in table 1 The 
largest number of deaths from tuberculosis, 16, occurred in the group of guinea pigs 
infected with H37Rv 10°*: 8 of these occurred during the first year of the study. The 
group which received the same number of virulent bacilli plus BCG had only one death 
from tuberculosis during the first year, 5 during the second year, and 7 during the last 
vear and a half; a total of 13 of 20 animals 

Fatal tuberculosis oceurred in 13 animals in the group inoculated with H37Rv 10™ 
there were 3 deaths in the first vear, 4 in the second year, and 6 in the third year. The 
H37Rv 10°? plus BCG group had one death in the first year, 5 in the second, and 2 in 
the third vear: a total of 8 deaths. There were no deaths from tuberculosis in the group 
which received BCG alone 

During the course of this study there were a few deaths from other causes, and oc 
easionally animals were sacrificed for bacteriologic examination. In the H37Rv 10-* 
group there were 2 deaths for which the cause is unknown, One occurred in the twenty 
ninth month and smears of the internal organs were negative for acid-fast bacilli; cultures 
were not done. The other death oecurred at thirty and one-half months and a few colonies 
of tubercle bacilli were recovered by culture of the tissues although no organisms had 
been seen on microscopy. In the H37Rv 10°* plus BCG group there was one unexplained 
death at forty and one-half months. The only abnormal finding was a 2 by 3 mm. tubercu- 
lous abscess of the liver from which virulent tubercle bacilli were isolated 

In the group inoculated with H37Rv 10-7 there was one death from internal hemor 
rhage on the seventh day. Another death occurred in the thirtv-ninth month; this animal 
showed no gross lesions and tubercle bacilli were not recovered by culture of the organs 
Three animals in this group were sacrificed for study; 2 which were killed in the twenty 
seventh and thirty-seventh months, respectively, showed no gross lesions, and cultures 
of the tissues were negative for tubercle bacilli; while the third animal killed in the fortieth 
month. showed one 2 by 3 mm. abscess from which tubercle bacilli were recovered 

Two animals died in the group which received H37Rv 107° plus BCG: one in the 
fourteenth month from unknown cause and the other in the twenty-first month from 


peritonitis due to intestinal perforation. Three animals were sa« rificed in the eighteenth 


NOTES 


month: 2 because of skin disease and one because of a jaw abscess. The internal organs of 
all 3 animals were grossly normal and cultures did not yield tubercle bacilli 

Nine of the animals which received BCG alone were sacrificed for study and one 
died of unknown cause in the eighteenth month. Two of the animals were killed in the 
eighth month and a few BCG colonies were recovered by culture of the internal organs 
There were no gross lesions and cultures were negative for tubercle bacilli in 2 animals 
killed in the fourteenth month. Smears were negative and no gross evidence of tuber 
eulosis was observed in 2 animals killed in the nineteenth month and in 3 animals killed 
in the thirty-second month which showed only a weakly-positive tuberculin reaction 
Culture of the internal organs was not done 

At the end of forty-two months the surviving animals were killed. Two animals re 
mained in the H37Rv 10-¢ group; one of these had a |-plus reaction to 5 per cent OT, 
the organs were grossly normal, and smears were negative for tubercle bacilli. The other 
survivor was obviously ill and did not react to tuberculin. Autopsy revealed a large 
retroperitoneal tumor (sarcomus) which weighed 130 gm. and measured 13 by 7 by 6 em 
The spleen, liver, and lungs were normal in appearance and smears of these did not 
contain acid-fast bacilli 

In the group of animals which received H37Rv 107% plus BOG, 6 survived the study 
and all were tuberculin-positive. Three of these showed no gross lesions and the organs 
were negative for tubercle bacilli by smear and culture. One animal showed grossly 
normal organs but a few colonies of tubercle bacilli were recovered on culture; one had 
a 3 by 5 mm. nodule on the liver which was positive on smear and culture; and the last 
had a small abscess in the groin from which tubercle bacilli were cultured 

There were 2 survivors in the H37Rv 107 group; both were tuberculin-positive, 
necropsy revealed no tuberculous lesions, and tubercle bacilli were not recovered by 
culture of the organs. In the H37Rv 107 plus BCG group, 7 animals survived; 6 were 
tuberculin-negative and one showed a weakly positive reaction Gross lesions were not 
found in any of these animals nor were tubercle bacilli recovered by culture 

The 10 survivors in the BCG group were all negative to tuberculin; no gross lesions 
were observed and cultures were negative for acid-fast bacilh 

All of the survivors were in excellent nutrition and had gained considerable weight 


This study reveals differences in susceptibility to tuberculosis in groups of inbred 


guinea pigs inoculated with small numbers of virulent tubercle bacilli (approximately 


370 and 3S cells, respectively), and with similar numbers of virulent bacilli mixed with a 
suspension of BCG. The observation period was maintained for three and one-half years, 
during which time the animals in the group inoculated with the larger number of virulent 
organisms succumbed to tuberculosis sooner and showed more fatalities than the group 
which received one-tenth a8 many hacilli, Although this is not an unexper ted finding, it 
is of interest that in all groups inoculated with virulent tubercle bacilli some animals 
survived for three and one-half years and at necropsy showed either no gross lesions 
or a single, minute focus of infection. It was not possible to isolate tubercle bacilli by 
culture of the internal organs of some of these survivors Those animals which were 
sacrificed or died of unknown causes during the latter part of this study also showed 
little or no evidence of tuberculous infection 

When BCG was inoculated simultaneously with virulent bacilli there were fewer 
deaths from tuberculosis and the survival time was longer It is not known whether this 


difference is due to chance variation in individual susceptibility or to some factor intro 


> 
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duced by the simultaneous inoculation of BCG. It would seem, however, that the latter 
possibility must be considered 

No progressive tuberculosis was produced in any of the 20 animals which received 
BCG alone. One month after inoculation all of the animals showed marked hypersensi 
tivity to tuberculin. The hypersensitivity to tuberculin was still present at the end of 
two years but had disappeared at three and one-half years in the 10 animals in this 
group which were kept throughout the studs 

At the termination of the experiment all of the survivors reacted to tuberculin except 
those in the BCG group and 6 of the 7 survivors of the group which received H37Rv 10-7 
plus BCG 

It is impossible to be certain that each of the animals in a group received precisely 
the same number of bacilli. Nevertheless, the uniformity of the plate counts in the higher 
dilution and the positive tuberculin reactions in the survivors which did not receive 
BCG indicate that these animals received an infecting dose. Therefore, the animals 
which received virulent tubercle bacilli plus BCG must have been similarly infected 

It is likely that, if one further tenfold dilution had been used in this study, Le, a 
dosage of approximately 4 or 5 virulent tubercle bacilli, a greater number of animals 
would have escaped fatal infection. The number of virulent organisms in a back muta 
tion would be expected to be small and it would seem, from the results of this study, 
that a few such mutants could well escape detection by guinea pig inoculation. It has 
recently been reported by Miller* that, in mice, it is possible to distinguish by histo 
pathologic methods infections caused by virulent tubercle bacilli and infections due to 
BCG, It was possible by these methods to infect mice with as few as 270 virulent bacilli 
and to detect these when mixed with BCG in a ratio of 1 to 107,000, In this study the 
period of observation was only eight weeks and one wonders what the findings would 
have been if the survivors had been kept for a longer time. If the present guinea pig 
study had been terminated earlier, for example, at two months after inoculation, there 
would undoubtedly have been histologic and bacteriologic evidence of active infection in 
the animals which received virulent bacilli 

In summary: Two groups of healthy guinea pigs were inoculated with 10°* and 10°’ 
dilutions of virulent tubercle bacilli, strain H37Rv, and two groups were inoculated 
with similar numbers of virulent bacilli mixed with a suspension of BCG. Another group 
of animals received only BCG. The guinea pigs were observed during a three and one 
half-year period during which time none of the animals in the BCG group died from 
tuberculosis and those remaining at the termination of the study had lost skin hyper 
sensitivity to tuberculin. There were survivors in all groups which received virulent 
tubercle bacilli. In the group which received the smaller number of virulent tubercle 


bacilli plus a suspension of BCG, 7 animals survived the three and one-half-vear observa 


tion period and no evidence of tuberculous infection could be found. Six of these animals 


showed reversion of the tuberculin reaction and the seventh reacted only slightly to 


intradermal tuberculin 
It appears, therefore, that the presence of a few virulent mutants in a BCG strain 


would not be detected by guinea pig passage 


Ray Brook Strate Hosprran Dinan 
Ray Broox, New Yor« Vera Bupp 


April 18S, 1955 
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BLOOD CONCENTRATION STUDIES WITH BUFFERED PARA- 
AMINOSALICYLIC ACID TABLETS 


The ability of para-aminosalicylic a id (PAS) to delay the emergence of strams of 
tubercle bacilli resistant to other antituberculous drugs used concurrently with PAS 
makes it a valuable drug in the treatment of tuberculosis. This advantage is lost when 
the drug is discontinued or reduced in dosage because of drug intolerance of the patient 


In many cases these unfavorable reactions take the form of gastrointestinal upsets such 


as nausea, Vomiting, and diarrhea caused by drug irritation 
Buffered PAS tablets! are reported to be better tolerated than other currently used 


PAS preparations? This tolerance is said to be due to the unique buffer? incorporated 


into each tablet, which reduces or prevents gastrointestinal upset 

The therapeutic efficacy of PAS tablets is not determined by tolerance alone, however, 
but by the attainment of adequate blood concentrations. Therefore, a study was under 
taken to compare blood concentrations attained with buffered PAS tablets against those 


obtained with the more commonly used sodium PAS solution 


The method used for determining PAS blood concentrations is one developed in this 
laborator ind gives results similar to those obtammed by the procedure of Kivne and New 
house.* It is based upon the formation of a yellow color produced by the widition of a solt 
tion of 3-methox i hydroxybenzaldehyde to a solution of PAS. The intensity of the color 
is proportional to the concentration of PAS in solution. The determination is pe rformed 
upon protein free blood plasma filtrates obtained by precipitating proteins with 20 per cent 
trichloracetic acid and by subsequent centrifugation and filtration. A portion of the hltrate 
is reacted with 3 methoxy 4-hydroxybenzaldehyde and the pH adjusted with sulfure acid 
The color intensity is then read speetrophotometrically and the reading compared with a 


previous constructed standard graph 


In order to determine blood concentrations following administration of buffered PAS 
tablets and of sodium PAS solution, three groups of either 5 or 6 patients each were 
chosen and, after discontinuation of medication for a thirty six-hour period, each group 
was given the particular form and dosage of PAS to be determined. Two blood samples 
were taken from each patient at different hours and more than 150 determinations were 
performed 

Comparison of PAS blood concentrations which were reached following single doses 
of buffered PAS tablets and sodium PAS solution are shown in tables | and 2. In tables 
3, 4, and 5 may be seen individual and average concentrations after multiple dosage with 
the two forms of PAS. The figures illustrate graphically, for rapid comparison, the aver 
ages of the individual results obtained with similar regimens of both buffered PAS 
tablets and sodium PAS solution 

* 

There is general agreement among investigators that a concentration of 1.5 mg. of 

PAS in 100 ml. of plasma is bacteriostatic for tubercle bacilli, and that 2 mg. per 100 


\ product of Panray Corporation, New York, New York 

Bronx Vereran Hosrrrac: Quarter! Progress Report of the 
Veterans Administration Army-Navy Study on the Chemotherapy of Tuberculosis, April 
1953, p. 14 

The tablets consist of 0.5 gm. of PAS buffered with dihydro Juminum amine acetate 
ind calesum carbonate 

‘Dees, N ano Viracusano, G. J. Am. Pharm. A Seient. 194, 44, 182 

W., ano Newnouse, J. P.: Lancet, 1948, 2, 611 


TABLE 1 
PAS Prasma Concentrations Fottowine Sinoie 4 Ge Dose oF 
PAS Tasiers 


1 hour + hours 


Blood Concentration in Vy per jo Mi 


ons 


— w 

oan 


iverage of the Ahow Levels 


TABLE 2 
PAS Bioop Piasma CoNcenTRATIONS FOLLOWING SINGLE 5.5 Gu. Dose or 


Sopium PAS 
hours 
Blood Concentration tn Vay per 100 Ml 


3.58 


3.8 


6.6 
Average of Above Levels 
10.0 6.1 4.2 3.8 
* Five and one-half gm. of sodium PAS are equivalent to 4 gm. of PAS 
TABLE 3 
PAS Bioop Piasma Concentrations Fottowine Dosace 


Berrerev PAS Tasiers 


1 Gm. Three Times Daily* 
4 hours 4 hours 6 hours 


1 hour 


Blood Concentration in Mg. per 100 Ml 


2 
6 
6 


lrerage of Lhove Levels 
9.6 s.4 6.9 


* Samples taken after second dose of the day 


- — 
" ee 4 hours 6 hours * hours 
2.6 
0.4 
10 1.7 
14 
17 5.6 
1.5 1.4 
3.3 3.8 41.2 3.3 2.6 1.6 
SS 6.2 0.7 0.3 
7.0 2.2 1.3 O.5 
12.5 is 3.2 0.3 

hours * hours 

8.3 6.8 5.1 1.6 1.0 

9.5 10.2 5.1 i4 2.9 

12.8 s.0 | 3.5 5.1 1.6 

9.5 7.2 3.7 10 2.5 

3.4 1.9 0.9 
1.0 3.0 
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TABLE 4 
PAS Bioop Piasma ConcenTRaATIONS Fotvowine Dosace Tuerary 
witH Sopium PAS 


\ Dose l qual to 4Gm. PAS Was Given Three Times Daily* 
$ hours 4 hours 6 hour 
Blood Concentrations in Vg pe 100 Mi 


‘ 
3 1.0 


‘ 
r 
trerage of Above Levels 
3.9 
sa Samples taken after second dose of the day 
TABLE 5 
PAS Prasma Concentrations Dosack wit 


Burreren PAS 


2 Gm. Three Times Daily* 


} hours 4 hours 
Blood Concentration in Wg per 100 Vi 


0 


3 
2 


7 

3 3.7 

Average of Above Levels 
3.7 


* Samples taken after second dose of the day 


ml. or more is an adequate therapeutic concentration.* Determinations in this labora 
tory indicate that comparatively high blood concentrations are obtained in the first two 
hours after administration of sodium PAS solution, However, much higher concentrations 
are maintained for a longer period of time, after the first two hours, by administration 
of a single 4 gm. dose of buffered PAS tablets than with an equal dose of sodium PAS 
solution (tables 1 and 2). Therefore it appears that, if given in equal doses, blood con 
centrations obtained with buffered PAS tablets compare most favorably with blood 
concentrations found in patients who have received sodium PAS solution. This becomes 
more evident when, after multiple-dose therapy with equal doses of buffered PAS tablets 
and sodium PAS solution, the blood concentrations produced after the fourth hour by 
the administration of buffered PAS tablets are found to be approximately three times 
higher than those obtained with sodium PAS solution (tables 3 and 4) 


*Nitson, H.: Tubercle, 1953, 34, 100 


— 
= 
11.4 Hos 2.4 4,2 o7 0.3 
11.0 $.2 0.5 
12.5 7.7 14 10 
2.2 1.4 2.5 
3.3 2.4 0.7 
2.9 44 1.7 1.3 
15 3.7 1.4 
3.6 | 3.1 20 14 
3.3 3.3 20 1.3 . 


TIME IN HOURS 
fotium PAS solution 
Bufferet PAT tablete 


hia l OMmparison of blood concentrations following single dloses of sodium PAS solu 


tion and buffered PAS tablets, ach dose is equivalent to 4 gm. of para aminosalicylic acid 


PLASMA 


RAMS PaS PEF 100 aL. 


miu 


TIME HOURS 


PAT solution after dosage equivelent to 4 ga. 
tnree tises detly. 

Suffered PAS tablets efter 4 gm. three tines 

Suffered PAS tablets efter @ gm. three times 


Fie. 2. Comparison of blood concentrations found following multiple-dose therapy with 


different types and dosages of PAS. Therapy was interrupted to permit blood sampling at 
the time intervals indicated in figure | 
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TABLE 6 
PAS Morxine Concentration Berore Recenvine Dost 


or THER Day 


(nother advantage in the use of buffered PAS tablets, theretore. les in the attamment 


and maintenance of higher blood concentrations after the final dose of the «cn is Op 


posed to the concentrations produced by the more rapidly exereted sodium PAS. This taet 


is also expounded by Lehmann’, who states The reason for not using the sodium salt 
(of PAS) is that it is very soluble in water, rapidly absorbed in the intestinal canal, and 
rapidly excreted in the kidneys 

Furthermore, the literature indicates that PAS blood concentrations determined at 
regular intervals after multiple oral dosage are usually higher than those taken at the 
same intervals after a single dose.* A study of tables | through 4 confirm this observation 

The data in table 1 indicate that an approximately therapeutic concentration exists 
six hours after a single 4 gm. dose of buffered PAS tablets; higher concentrations are 
obtained following multiple-dose therapy. The question therefore arose: ould not thos 
therapeutic blood concentration be maintained a few hours more so that the patient 
could be adequately covered during the period from his late afternoon dose to his morn 
ing dose? Accordingly, 4 patients were chosen who were on tmultiple-dose therapy and 
were each given 4 gm. of buffered PAS tablets at S p.m. Before receiving this evening 
dose, patients Vos. / ind 2 had been on a dosage of 2 gm. three times dail Patients 
Vos. 3 and 4 were on a dosage of 4 gm. three times daily. Blood samples were taken at 
9 am. the following morning before the patients received their morning dose of PAS 
Results of blood concentration determinations are shown in table 6 

Further study was considered unwarranted due to low concentrations found in these 
morning samples. Apparently, a morning therapeutic concentration does not exist fol 
lowing a previous evening 4 gm. dose of buffered PAS tablets 

In summary: As blood concentrations with buffered PAS tablets compare most favor 
ably with those obtained with sodium PAS solution, the buffered tablets may be ad 
vantageously administered to patients who are unable to tolerate other PAS preparations 


if their intolerance is due to gastrointestinal irritation 


Vererans ADMINISTRATION Hosprrat N. Derren’ 
Rutrtanp Massachusetts Giuy R. 


December 13, 1954 

J.: Tr. Seventh Streptomycin Conference, Washington, D. ¢ pp 
205 300 

D. K.. Cann, D. T., Prverze, K. ann Power, M. Dis. of Chest, 1951 

13S 

’ The writers are indebted to Dr. Stanton T. Allison, Chief, Tuberculosis Service, for his 
data on the clinical obeervation 
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PARA-AMINOSALICYLIC ACID-RESIN COMPLEX: STUDIES IN ABSORP- 
TION, SERUM ELECTROLYTES, AND TOLERANCE 


The therapeutic value of para-aminosalicylic acid (PAS) in the treatment of tuber 
culosis, first demonstrated by Lehman! in 1944, has been amply confirmed by numerous 
investigators. The observation that the emergence of resistant strains of bacilli could 
be delayed by using PAS in combination with streptomycin made long-term antimicrobial 
therapy possible and led to its adoption in 1949 as a basic regimen in the treatment of 
tuberculosis. With the advent of isoniazid in 1952, the usefulness of PAS was again 
emphasized 

One of the great difficulties with VAS is its minor toxicity, manifested by nausea, 
vomiting, diarrhea, anorexia, and associated weight loss. This is true when the usual 
dose of 12 gm. daily is given, but the percentage of gastrointestinal symptoms rises 
precipitously when the total daily dose is increased beyond 15 gm. This capacity to pro 
duce gastrointestinal disorders has impaired the usefulness of the drug. Attempts to 
overcome this disadvantage have resulted in the preparation of PAS in various forms 
coated granules, buffered tablets, effervescent tablets, and liquid preparations with 


masking agents, Recently PAS has been adsorbed on an anionic exchange resin (poly 


ethylene polyamine methylene) to form an insoluble salt?. This preparation is a light, 


umber-colored powder which is tasteless, odorless, and stable. It readily mixes with foods 
without altering their palatability. In the gastrointestinal tract, chloride ions gradually 
replace the PAS in the resin and the liberated PAS is then absorbed in the usual manner 
Since the gastrointestinal disturbance is proportional to the concentration of free PAS, 
it appeared likely that the PAS-resin complex would be an ideal preparation provided 
satisfactory serum concentrations of PAS were obtained and that no disturbance of 


serum electrolytes occurred when the drug was given for a long period of time 


For purposes of investigation, 17 male patients, varying in age from twenty-four to 
sixty, who had active tuberculosis and had had no previous chemotherapy were started on 
PAS-resin complex,’ together with either streptomycin or isoniazid. Four of the patients 
had tuberculous pleural effusion, 7 had moderately advanced pulmonary tuberculosis, and 
6 had far advanced pulmonary tuberculosis. Preliminary study consisted of chest roent 
genograms, sputum examinations, complete blood counts, and determinations of blood urea 
nitrogen, prothrombin time, serum sodium and potassium, and body weight. Twelve grams 
of PAS (as the sodium salt) in solution were given for two days, and on the third day follow 
ing the usual morning dose of 4 gm., serum concentrations of PAS were obtained at hourly 
intervals over a six-hour period. Total serum PAS was determined by using a modification 
of the Bratton. Marshall method.‘ PAS-resin complex was then given, 8 gm. three times a 
day, for the next six months. Serum sodium and potassium determinations, blood urea 
nitrogen, and prothrombin times were obtained at monthly intervals. PAS serum concen 
trations at random hours were obtained at two-week intervals during the experiment. At 
least once during this time each patient was given a single morning dose of 8 gm. of PAS 
resin complex and its absorption was followed by hourly determinations of the serum PAS 
for the ensuing six hours. Two patients were dropped from the study. One left against 
medical advice after three months of therapy while another developed sensitivity to both 
streptomycin and PAS, manifested by fever and dermatitis and confirmed by subsequent 


pateh testing 


Leuman, J.: Dis. of Chest, 1940, 16, 684 

* Marketed under the trade name of “Rezipas “ss 

* Kindly supplied for this investigation through the courtesy of Dr. John T. Groel, 
Assistant Medical Director, The Squibb Institute for Medical Research, New Brunswick, 
New Jersey 

‘Way, EOL: J. Pharmacol, & Exper. Therap., 1948, 93, 369 
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NOTES 


kia. l Average ibsorption curves of 15 patients who had re 


Fic. 2. Range of serum sodium and potassium during PAS-resin therapy 


All patients tolerated and accepted the PAS-resin complex exceptionally well. There 
was not a single complaint of nausea, vomiting, or diarrhea although, when PAS in solu 
tion was given following the six-month study, 2 patients developed gastrointestinal 
symptoms requiring antacids, and in one of these PAS had to be discontinued 

The absorption of PAS from the resin combination as determined by measurements 
of the total PAS in the serum was equiy alent to that of an equal amount of PAS in solu 
tion (figure 1). Concentrations as high as 114 mg. per 100 ml. were obtained after a 
single S gm. dose of the PAS-resin complex. The peak of the absorption curve occurred 
a little later and was sustained slightly longer when the PAS-resin complex was given 

There were minor variations in the serum potassium and sodium concentrations, but 


these were within the range of normal (figure 2). Initially one patient had «a serum sodium 


determination of 163 mg. per 100 ml. which probably represents a laboratory error, since 


two weeks later the reading was 140 mg per 100 ml and subsequent determinations 
were all within the normal range. Likewise, patient Vo. 7 had a serum sodium of 131 mg 
per 100 mil. at four weeks which rose to 150 mg. per L00 ml. two weeks later and remained 
normal thereafter, No instance of hypokalemia was encountered, Prothrombin times 
blood urea nitrogen, and blood counts all showed minor variations, but were well within 
normal limits 


The clinical, roentgenographic, and bacteriologic improvement of the tuberculosis was 
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equal to that which one would expect to see in patients under streptomyecin-PAS therapy 
The weight gain for the six months averaged 11.5 pounds, with 2 patients losing | pound 
and one remaining constant (figure 3). Patient No. 10, whose weight rose from 166 pounds 
at the start of treatment to 174 pounds at the end of the tenth week, had all of his teeth 
extracted at that time beeause of extensive pyorrhea, He was placed on a soft mechanical 
diet and his weight fell fairly rapidly to 165 pounds, Patient Vo. 74 weighed 173 pounds 
at the start and 172 pounds at the completion of the experiment. Patient Vo. 5 started 


with a weight of 132 pounds, rose to 146 wunds by the fourth week, and fell back to 


his starting weight of 132 pounds. Counterbalancing these losses were weight gains up 


to 22 pounds 
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NOTES 


Two patients were given 48 gm. of the PAS-resin complex for a two day period and 


on the thord da following the morning close of 12 heourl PAS concentrations were 


determined, The serum concentration (figures 4 and 5) was approximately twice as high 
as that obtained with 24 gm. and, at the end of eight hours, 4 to 6 mg. per LOO mil. were 
still present in the serum. No gastrointestinal symptoms developed even with this large 
dose 

Para-aminosalieviic acid has long been recognized as a valuable drug im the treatment 
of tuberculosis. Unfortunately, from the time it was first introduced to the medcheal 
profession, its administration has been accompanied by gastrointestinal symptoms ‘ol 
sufficient frequen ind severity to limit its usefulness. With the elimination of im 
purities, by preparing fresh solutions of the sodium salt as needed, preventing oxidation 
by shielding the solution from light, and keeping the bottle well stoppered and refrigerated 
most patients can tolerate the usual 12 gm. daily dose In spite of these changes, the 
incidence of gastrointestinal reactions still is synifieant and troublesome 

(jastrointestinal irritation from the drug is apparently related to the concentration of 
free PAS. When PAS is combined with a polyamine resin and ingested, the alkaline salts 
of the duodenum remove the PAS from the resin matrix, and slow diffusion of the drug 
follows. The major function of the resin is to maintain the concentration of free PAS 
below the irritation threshold of the gastromtestinal tract.® It does not interefere with 
the absorption of the drug and the usual dose apparently does not have any major effect 
on the duration of effective blood concentrations 

The administration of this preparation to 15 patients during a six-month period was 
characterized by excellent patient acceptance and complete absence of gastromtestinal 
symptoms. No disturbance of serum sodium or potassium oecurred. Absorption levels 
were equivalent to those obtained when sodium PAS was given, and clinical, roentgeno 
graphic, and bacteriologic improvement was equal to that which one would expeet to 
see in patients under conventional combined streptomyin-PAS therapy. Even when the 
equivalent of 27.5 gm. of sodium PAS was given over a three-day interval, no gastro 
intestinal irritation was experienced, It appears, therefore, that the PAS-resin prepara 
tion is one which eliminates the main disadvantage of PAS therap 

In summary: \ combination of para-aminosalievlic acid (PAS) witha polyamine resin 
is a therapeutically effective preparation. It did not cause any gastrointestinal disturb 
ances ina group of 15 patients who received 24 gm. daily (equivalent to 12 gm. of PAS 
for six months. Serum concentrations of PAS were equivalent to those obtained when 
12 ym. of sodium PAS were given. No disturbance of serum electrolytes was found, In 2 
patients, doses of 4S gm. of PAS resin complex resulted in doubling the serum concen 


tration of PAS without causing gastromtestinal disturbances although this was a short 


experiment 
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THE FATE OF THE IRREGULAR DISCHARGE TUBERCULOSIS PATIENT 


To the Editor of the American Review of Tuberculosia and Pulmonary Diseases: 


To the phthisiologist the problem of the irregular discharge patient has been « familiar 
one for years, and the longevity of the problem has not lessened its perplexity. One may 
still raise the question: Why does a patient with a disease which may well be fatal, if 
its treatment is neglected, leave the hospital and the treatment planned by an expert? 
Why does the patient leave against medical advice and what happens to him? 

I do not propose to dwell in any detail on the probable causes of irregular discharges 
There are several good articles in the literature dealing with this subject.’ Suflice 
it to say that there are many factors influencing the patient to “cross the Rubicon” and 
leave the hospita! against medical advice. Homesickness, economic problems, and factors 
arising outside of the hospital,’ desire for the company of the opposite sex or alcohol, re- 
sentment of the doctor, the nurses, attendants, fellow patients, or the food in the hos 
pital are, I feel sure, the chief factors. Occasionally the patient leaves because chest 
surgery has been suggested and the fear of surgery is so great as to panic him into leaving 
against medical advice 

It has been the impression of most of us that patients who leave a tuberculosis hospital 
against the advice of their doctors almost invariably get into trouble. Rates ranging from 
SO to OO per cent of unfavorable progression of disease have been quoted by many of us 
over the years, but do we know that they are true? 

In order to obtain better than an impression of the fate of the “irregular” discharge 
patient, the author has sent questionnaires to all patients discharged during the years 
1950 and 1951 from a 615-bed Veterans Administration hospital in New England for 
the treatment of tuberculous patients. It was decided that the questionnaire should be 
simple in outline, yet comprehensive enough for the doctor inspecting it to tell whether 
the patient who had filled it out was, at the time, an “inactive” or “active” case or 
whether the activity was “uncertain.” In addition to sending a questionnaire to each 
patient, a request for information was sent to the Veterans Regional Office of the area in 
which each patient resided. This had to do with chest roentgenographic studies, with 
dates of chest films, sputum studies for tubercle bacilli (both microscopy and culture), 
and the clinic physician's appraisal of the patient's status. In addition to this, our out 
patient department files were carefully checked for patients who might still be under 
observation by this hospital, and all the patients now in hospital were carefully checked 


There were 797 discharges* from the hospital during the years 1950 and 1951 Reports 


' Simpson, R. M.: Am. Rev. Tubere., 1929, 90, 20 

* Bownowrrz, 1. D.: The Problem of Tuberculous Patients Leaving Against Advice, 
N. Y. Tuberculosis and Health Association, 1946 

* Quinn, D. Bull. Nat. Tubere, A., 1947, 33, 111 

‘Quinn, D. E.: Bull. Nat. Tubere. A., 1948, 34, 21 

* Verenans Apminisraation: Irregular Discharge: The Problem of Hospitalization of 
the Tubereulous, V.A. Pamphlet 10-27, 1948 

* Tenesoo, J. F.: Am. Rev. Tubere., 1953, 68, 393 

Lonenz, T. H.: Am. Rev. Tubere., 1955, 71, 419 
* This did not include the patients who died in the hospital during those years nor pa 
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on 577 of these 797 discharges are available, representing a total derived from four sources 
1. The patients themselves, on questionnaires returned by them 
2. The Veterans Administration regional offices holding patients’ records who have 
data on post-discharge follow-up 

4. The patients being followed by our own outpatient department 

1. Patients who are now “inpatients” in this hospital. These are relapse patients 
who have been readmitted 

Of the 577 reports received, 276 concern patients who received a “regular” discharge 


and 301 concern patients who received an “irregular” discharge (A.M.A. or A.W.O.L.), 


Number of Patients Reported 
Ke gular Discharge 
Total number: 276 
Dead 
Inactive disease 
Active 
Activity uneertain 


Irreqular Din harqes 
V umber 
Total number: 301 
Dead 
Inactive disease 3 
Active 
Activity uncertain 6 


In the two-year period, 797 patients were discharged from the Rutland Heights Massa 
chusetts Veterans Administration Hospital, all of them having been treated for pulmo 
nary tuberculosis. It has been possible to obtain a very satisfactory follow-up report on 
577 of these patients. Of these 577, it was determined that 276 had received a “regular” 
discharge (maximal hospital benefit obtained, patients’ case “inactive” or “arrested’’); 
301 patients had “irregular” discharges (left the hospital against medical advice before 
the case was brought to “arrest” or “inactive status’’) 

Of the entire group of 577 reported upon, 69 (11.9 per cent) are dead. Of the group of 
276 who received “regular” discharges, 7 per cent are dead and 93 per cent are living 
65.2 per cent have “inactive” disease and 24.2 per cent have “active” disease; 3.6 pet 
cent have reports which are not conclusive and the activity of their disease is therefore 
“uncertain.” Of the group of 301 who received “irregular” discharges, 16.6 per cent are 
dead and 83.4 per cent are alive; 44.2 per cent have “inactive” disease and 33.9 per cent 
have “active” disease; 5.3 per cent have inconclusive reports and the activity of their 
disease is classified as “uncertain.”’ 

It will be seen that more than twice as many patients who left the hospital against 
medical advice in 1950 and 1951 are dead as compared to those who were discharged as 
having had maximal hospital benefit (case “inactive” or at least “arrested”’) 

In 1950 and 1951, long-term chemotherapy was coming into vogue but many patients 
were treated for only eight months, which today is generally regarded as too short a 
period for the treatment of pulmonary tuberculosis. Of the patients reported upon, a 


certain proportion received treatment at home in the form of chemotherapy; others were 


tients who were sdmitted for observation and were discharged in less than a month aa 


“inactive—no treatment required.”’ 


Perten 
7.0 
65.2 
24.2 
Per Cent 
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hospitalized in other hospitals and some of them received further courses of chemo 


therapy and some, in addition, received chest surgery 

Of the 301 “irregular” discharge patients, 144 (47 per cent) received further hos 
pitalization; whereas, of the 276 patients who received “regular’ discharges, only 3S 
(13.7 per cent) have had further hospitalization 

Undoubtedly the rather high percentage of “inactive” disease (44.2 per cent) in the 
patients who had received an “irregular” discharge from the hospital in 1950 and 1951 
is due to the further hospitalization with further chemotherapy and, in some cases, chest 
surgery which they received subsequent to irregular discharge. It would appear that the 
patient who is discharged with a maximum hospital benefit (regular) discharge has a 
hetter chance of arresting his tuberculosis, and hence ultimately surviving, than has the 


patient who leaves the hospital against medical advice 


TUBERCULOSIS SERVICH STANTON T. ALLISON 
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Books 


Tue Bactutus in THe PutmMonany Lesion or MAN. Histobacterology and 
Its Bearing on the Therapy of Pulmonary Tuberculosis. By Georges Canetti (with a 
preface by René J. Dubos and Walsh McDermott). Springer Publishing Co_, Inc., New 
York (also available from the National Tuberculosis Association), 1955, Price, $8.50 


To understand tuberculosis in man, it would seem that the chief concern of the pathologist 
would be to determine what responses of the host are associated with the multiplioation 
of the bacilli in the tissues and which lesions spell the destruction of the microorganism 
While there are experimental studies in animals which have contributed considerably to 
this problem, pathological monographs on the human disease are largely preoccupied 
with the histogenesis of the lesions, but almost exclusively from the standpoint of the 
host. Little attention has been given to the elucidation of the behavior of the parasite 
in man. Since the lesions are the expressions of the host-parasite relationships, it is clear 
that no understanding of their essential significance can be achieved in this manner 

The primary purpose of Dr. Canetti’s monograph is a systematic study of the “histo 
bacteriology” of pulmonary tuberculosis and its bearing on the therapy of the disease as 
practised in the days when rest and all its ramifications were its sole foundation and now 
when chemotherapy has chiefly taken its place 

\fter reviewing the histogenesis of human pulmonary lesions, the essential contribu 
tion of the monograph is presented in the second chapter. It is obvious that rarely, and 
by chance, is it possible to study a human primary lesion within several weeks after the 
penetration of airborne bacilli into the alveoli, as has been done in animals. Nevertheless, 
what Dr. Canetti describes as the pre-exudative stage, in which tubercle bacilli (both 
isolated and in clumps) are found within intra-alveolar macrophages, may be the essential 
equivalent in man of this early phase of the infection in rabbits. Here the microorganism 
ean be demonstrated to first multiply within these phagocytes, Soon caseation sets in 
In its early phase, the caseous lesion swarms with bacilli, When the cells have completely 
disintegrated and solid amorphous easeum is formed the bacilli usually all but disappear 
and for the most part die. The author speaks of solid caseum as the “graveyard of the 
tubercle bacillus The perifocal inflammation, particularly of the fibrinous alveolitu 
type, is an allergic phenomenon, prone to caseation, though poor in bacilli; for it is ap 
parently penetrated by diffusion of bacillary proteins. It would be a great aid, Dr. Canetti 
remarks in this connection, if we would have histochemical methods to identify this 
bacillary protein and other constituents of tubercle bacilli, The epitheliow! and guint cell 
tubercles, often seen at the edge of the caseous process, are usually poor in tmiuicroorganismes 

Canetti finds this reviewer's studies on the significance of epithelioid cells and tubercle 
formation as resulting from the destruction of the bacilli “in remarkable agreement with 
those of man.” Indeed, he feels that the two chief mechanimme of resistance in man are 
tubercle formation and caseation. Fibrosis is not the cause of healing but its result. Bacilh 
do not grow in fibrous tissue. They only do so during the process of softening. At this time 
there is “explosive” growth of the bacilli, as cavity formes and the fibrous tissue capsule 
disintegrates. In the presence of a “culture tube” of tubercle bacilli there is no unmunity 
The masses of bacilli from the softened caseum invade the bronchi and the disease spreads 
despite the existence of a high resistance 

Thus the dramatic story is told. Despite the special conditions that obtain in the 
human species, the essential pattern of the host-parasite relationships holds with but, as 
it were, variations on a theme for rabbits and guinea pigs as had been analyzed quanti 
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tatively over the years. This is only to give a minute preview of this stimulating, eminently 
rational, and self-critical work 

Then follows «a description of experimental studies on the fractions of tubercle bacilli 
and the role they play in the genesis of tuberculous lesions. The chapter on the relation 
of the lesion to immunity was particularly pleasing to an experimental pathologist, as 
Dr. Canetti has the gift of summarizing in a few bold strokes what is known and what is 
conjectural in this confused, much harrowed field. Of singular interest is the last chapter 
on the mode of action of rest and pulmonary collapse in the treatment of tuberculosis, 
the effect of antimicrobial drugs on the lesions and their contained bacilli, and parte ularly 
those in suspended animation in closed caseous foci, It would take away too much from 
the reader’s pleasure and benefit if we should review this challenging chapter in detail 
However, I cannot refrain from referring to one central observation of Canetti: the great 
increase in epithelioid and giant cell formation which is seen in resected lungs from pa 
tients under chemotherapy. This clearly points to the essential significance of the “meta- 
plasia”’ in resistance to tuberculosis 

The book excels not only in the fund of its integrated data, the clarity of the expo 
sition, its critical analysis but, with it all, Canetti has outlined many problems which 
are ripe for investigation. Their elucidation would be of significance not only in the 


field of tuberculosis but also in that of general biology 
Max B. Lurie 
Philadelphia, Pa 


Tue Lune. Clinical Physiology and Pulmonary Function Tests. By J. H. Comroe, Jr., 
R. E. Forster, I, A. B. DuBois, W. A. Briseoe, and Elizabeth Carlsen Pp. 219, The 
Year Book Publishers, Inc., Chicago, Illinois, Price, $5.50 


The purpose of this book, according to the preface, is “to explain in simple words and 
diagrams those aspects of pulmonary physiology that are important to clinical medicine.’ 
The authors’ ideas on how to accomplish this purpose are concisely stated: “Pulmonary 


physiology can be explained in words, pictures, or equations. Most physicians shudder 


at equations; therefore words and pictures predominate and the occasional equation is 
accompanied by a verbal explanation and full apology. However, all important equations 
are presented in an Appendix for the enjoyment of those who have difficulty with werds 
and pictures.”’ What a delight to find a group of authors of the highest scientific compe 
tence who also know how to teach, and what a pleasant surprise to find a book in simple 
words and diagrams which does not do grave injustice to the subject! 

This book presents a difficult subject simply, accurately, and amazingly completely 
The early chapters deal with such relatively familiar items as lung volumes, pulmonary 
ventilation, and pulmonary circulation. Then ventilation per blood flow ratios are taken 
up, followed by diffusion across the pulmonary membrane, arterial oxygen, carbon di 
oxide and pH, and the mechanics of breathing. These later chapters go to the heart of 
some of the most difficult aspects of pulmonary physiology, and, particularly in the case 
of diffusion and mechanics of breathing, include the most recent advances in theory and 
practice. The reader is led gently from one step to another until in the course of a mere 
141 pages he has been given every opportunity to grasp the basic principles of all this 
material, He can then, in the course of the next 29 pages, test his mettle on 10 clinical 
eases in which the history and pertinent physiologic data are given, followed by the 
authors’ interpretation and conclusion. Finally, useful data, equations, calculations, and 
selected references are presented. Such comprehensive coverage in such understandable 


form requires art as well as science, 
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An urgent need for a book of this sort had arisen because of increasing interest in the 
subject on the part of clinicians in the absence of an authoritative book with clinical 
orientation. Now the doctors and medical students have no cause to « omplain. This book 
was written for them, and they may be surprised at what a fascinating subject is theirs 
for the reading, viewing, or deciphering 

Ricnuarp L. Rivey 
Baltimore, Maryland 


TUBERCULOSIS AND AsprraTiON Liver Biopsy. Its Clinical Significance in Diagnosis and 
Therapy. By A. J. Ch. Haex and Cornelia Van Beek. Pp. 100, Dekrven F. Bohn N.\ 
Haarlem, Netherlands, 1955 


This monograph reports for the first time in English the authors’ extensive experience with 
aspiration liver biopsy in patients with tuberculosis 

Using a meticulous tec hnique patterned after the one deseribed by Iverson and Roholm 
approximately 2,000 biopsies were performed without a single serious complication 
More than 100 sections were made from each biopsy 

Of 189 cases of active tuberculosis (all forms), 176 (93 per cent had histologic evidence 
of active tuberculosis in the liver biopsy specimen. Examination of liver biopsies from 
150 “control” cases failed to reveal any evidence of tuberculosis. Bacteriologic confirma 
tion of tuberculosis was obtained in only 71 (40 per cent) of the biopsy-positive cases 
From these observations, the authors conclude that fresh hematogenous dissemination 
occurs in practically every case of active tuberculosis, irrespective of clinical form, and 
that liver biopsy is therefore a most valuable diagnostic and prognostic procedure to be 
used whenever, in the absence of contraindications, active tuberculosis is considered in a 
differential diagnosis 

Such sweeping conclusions require a much more critical review of the authors’ in 
vestigations than is possible from this monograph. The plan and methods of study are 
not given in sufficient detail, diagnostic criteria for distinguishing sarcoidosis from tuber 
culosis are not described, and there are numerous discrepancies in the figures given, 
eg., although the authors state that liver biopsy was performed in 189 cases of active 
tuberculosis, the numbers of such cases referred to in various sections of the monograph 
total well over 200; again, whereas in the text a statement is made that 14 of 20 cases of 


erythema nodosum had positive biopsies for tuberculosis, in Table IL only 12 such positive 


biopsies are listed. Unfortunately, an unnecessarily large proportion of the monograph 


is taken up with repetitious and frequently irrelevant opinions about the treatment of 
tuberculosis and the merits of liver biopsy in patients suspected of having this disease 
In spite of these shortcomings, this monograph represents a real contribution by bring 

ing attention to aspiration liver biopsy as a strikingly useful technique for studying the 
pathogenesis of tuberculosis as well as for assisting in its diagnosis, An appendix of 39 
excellently reproduced photomicrographs adequately illustrate the five types of specific 
histologic changes described by the authors 

AAKON DD. CHAVES 

New York, New York 


Die TUBERKULOSEBEKAMPFUNG IN DE Scuweiz. La Lorre Contre ta TUBERKULOSE EN 
Sursse. Publication of the Swiss Tuberculosis Association Against Tuberculosis. Edited 
by H. Birkhauser. Pp. 374, 8. Karger, Basel and New York, 1954 


This book was published on the occasion of the fiftieth anniversary of the Swiss League 


Against Tuberculosis. There are seven chapters written by various experts io the field 


| 


55S BOOKS 


They cover all aspects of the disease such as prevention, treatment, rehabilitation, and 
research 

The struggle against tuberculosis during the past fifty years is reviewed It is shown 
how this fight was initiated by voluntary agencies in local communities, and was finally 
unified by special federal legislation 

The present status of antituberculosis measures compares favorably with that in other 
countries of western civilization, including the United States. There are some features 
within this program which seem to be of special interest 

Generally speaking, treatment in Switzerland differs little from the American routine 
However, pneumothorax is still used in an appreciable number of cases, although less than 
in previous years, Resection is performed in only 20 per cent of the total surgery 

BCG is widely used and recommended, especially for children, medical personnel, and 
within the army 

Many of the medical insurances which cover a large part of the population have special 
provisions for tuberculosis. Sixty per cent of the population is thus insured against the 
disease 

The management and accomplishments of the fight against tuberculosis differ widely 
within the twenty-five cantons of the Swiss federation. This is due to the great vanety of 
geographic and climatic conditions and to the cultural status of the three ethnologi 
groups forming the population of this country less in size than New York State 

One of these factors, namely the unique climate of the Alps, has added a special feature 
to the problem of tuberculosis in Switzerland. It has attracted consumptive patients from 
all over the world, who for many decades hoped to find cure in the dry climate of the 
mountains. Although climate is no longer considered a curing agent for tuberculosis, there 
are still many foreign patients in the numerous comfortable private hospitals and sana 
toriums of Switzerland 

The book contains many detailed statistical tables. These statistics show the decline 
in mortality and shift in morbidity to the older age groups and the male sex, as observed 
in other countries 

This book is of interest to the student of tuberculosis 

kena Lyon 
Jamaica, New York 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


The Award of the Trudeau Medal for 1954 


The Trudeau Medal for 1954 was awarded to Dr. William H. Feldman at the annual 
meeting of the National Tuberculosis Association, held in Milwaukee, Wisconsin, May 
22-27, 1955. The presentation was made by Dr. Edgar VW. Medlar 

De. Mepiarn: Much has been said about the importance of the patient physician 
relationship. It is in this relationship that the art of medicine flourishes. In the practice 
of this art the physician learns well when to speak, what to say, and how to say it. As 
a pathologist it has been my lot to deal with specimens rather than patients and I have 
been unable to find any words of wisdom that pertain to the specimen-physician rela 
tionship 

| feel that I am in somewhat the same situation as a buck private who was being 
quizzed by his superior officer to determine his fitness for promotion. At one point this 
question was asked: “You have $36.61 in one pants pocket and $15.31 in another, What 
do you have?” Answer: “Sir, if there is that much money in these pants pockets, then 
I am wearing some other fellow’s pants.” 

I am privileged to speak for your Committee in the presentation of the Trudeau Medal 
for most meritorious service in the field of tuberculosis. This vear it seemed fitting to 
recognize the presence of a lusty adolescent chemotherapeutic progeny in our midst. In 
the growth and development of this youngster, some most admirable traits have become 
evident. However, certain unexpected and not so nice features also have developed a 
common occurrence between birth and adolescence and it is not vet certam what the 
character of the fully matured progeny may be. It is the wish of your Committee to do 
honor to one who assisted with the painful birth of this now robust youngster 

It has always been the hope of those who care for the sick to find a pill to cure an ill 
\s specific causes of illness become known there comes the urge to find specific pills for 
specific ills. This has long been the case with regard to tuberculosis, Although numerous 
chemical substances had been used from time to time in the treatment of tuberculous 
patients, it was not until 1938 that it began to appear that a survivor in this field was 
possible. One of the first conclusive demonstrations that experimentally produced tuber 
culosis could be favorably influenced by a chemotherapeutic agent was produced by the 
man whom we honor toda. 


This demonstration was not an accident. It is necessary for antinvestigator to be pre 


pared for the day when an opportunity may arise and then to have the foresight, deter 


mination, and courage to pursue relentlessly the opportunity at hand Therefore, it is 
pertinent to present a few incidents in the life of our subject that prepared him so well 
for later endeavors 

The citizens of the country town, population about SOO, in which he grew to manhood 
were a rather unique group. They had a university club of more than fifty members. Half 
of his high school class went on to college at a time when the national average was 4 per 
cent. He played the cornet in the town band and, although he never became a virtuose 
he claims that he could blow loud and long. This ability helped to defray his expenses 
at college. He claims that the course in college studies which he pursued was chosen 
to avoid the subject of higher mathematics. | am unable to report any regret on this 
decision 
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When he graduated, World War I was upon us and to his chagrin he found he could 
not serve since he was not a native-born citizen, having been imported at the age of two 
years. Before the matter of citizenship could be straightened out, the war was overt 
During the interim he was appointed as an instructor in pathology and bacteriology 
He claims this occurred because no one else was available. Be that as it may, he remained 
as a member of the faculty, with advancement, over the ensuing ten years. 

His first contribution to the literature on tuberculosis was a case report on tuberculosis 


of the tongue in 1927. The toughness of his mental fiber is well shown by the following 


quotation from this first article 


Some mention that men in certain vocations, such as carpentry and shoe repair 
ing, frequently carry in their mouths metal objeets such as nails, and, of course, the 
likelihood of trauma that would permit the entrance of tubercle bacilli into the 
mucosa and underlying tissues is considerable. This explanation of the high inei 
dence of tuberculosis of the tongue in the male is entirely inadequate when one 
considers that carpenters and shoemakers were conspicuous by their absence in the 
case histories reported 

Some have placed, I think, undue emphasis upon the effeet of pipe-smoking as a 
contributing factor in causing the tongue lesion. From the evidence presented in the 
reported cases, it is difficult to look upon pipe-smoking as playing any role whatever 
in the pathogenesis of tongue tuberculosis 

The ages of the majority of the reported cases have been in the early forties. This, 
together with the fact that most of the tongue lesions have been secondary to 
pulmonary involvement, would suggest that the tongue is more prone (o attack in 
the later stages of the disease and at a time when the resistance may be diminished 


The effect of this first venture into the land of the tubercle bacillus is clearly reflected 
in the publications from his pen through 1938. Of 105 publications, 44 dealt with some 
phase of the disease. These investigations included the study of the pathology and bac 


teriology in a wide range of naturally occurring acid-fast infections. They also included 


the morphologic changes found in experimentally produced disease in a considerable 
variety of unnatural animal hosts to different types of acid-fast bacilli. From this it is 
quite apparent that he was well prepared to undertake investigations with regard to the 
effect of chemotherapeutic agents upon experimentally produced tuberculosis as the 
various drugs became available 

His first paper on chemotherapy appeared in 1939. Since that date his name has ap- 
peared on 180 publications, of which 159 dealt with tuberculosis and, of these, 118 were 
concerned with the effects of chemotherapeutic agents 

That the value of team-work is greatly appreciated by this investigator is well shown 
by the fact that of 118 papers on chemotherapy he was a co-author of 110 

Although he has been an enthusiastic and tireless worker since the first gleam of 
success with chemotherapy was obtained, he retains the same tough mental fiber which 
was revealed in his first article on tuberculosis 

The following are a few brief quotations from his more recent writings 


Since the earliest beginnings of drug therapy in tuberculosis it appears that 
This 


whatever was new was considered proper in the treatment of the disease 
state of mind is, unfortunately, all too prevalent at the present time 


Again 


In tuberculosis the problem is not that of simple septicemia or an acute in 
flammatory process but is instead that of an elaborate pathologic process con 
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sisting of bacteria of marked tenacity, relatively slow in their reproductive cycle, 
residing for the most part within the protection of physical elements that are fre 


quently extensive and of long standing 
Again 


In fact the disease in man is subject to such diverse manifestations as to represent 
not a single disease but many diseases. The existence of these differences in the 
pathogenesis induced by the same infective agent should be fully appreciated if 
one is to realize completely the magnitude of the problem that confronts the ex 


perimentalist in tuberculo chemotherapy 
Again 


Few indeed are the investigators who are experts in all of the allied fields of 
science that must be directed against this problem if progress of a reasonable tempo 
is to be attained Group research in which the cooperative efforts of the biochemist, 
the pharmacologist, the bacteriologist, the biophysicist, the experimental pa 
thologist and the clinician function as a harmonious team would, I am sure, con 
tribute a greater volume of reliable basic information than is possible by any other 
approach 


Finally: 


Although modern chemotherapy of tuberculosis has contributed much in combat 
ing this disease, it is well to be reminded that the final conquest of tuberculosis is 
not yet in sight. Furthermore, there exist valid doubts whether the disease can ever 
be banished by the use of specific chemotherapeutic substances alone, even by drugs 


far more potent than any presently foreseeable. 


So speaks the man on the printed page. What sort of fellow is he in daily life? 

I am told his office is a place of orderly disorderliness, with notes stuck on the wall, 
sometimes with hypodermic needles. Directly in front of where he sits to ponder is the 
following note: “It matters not who is right but what is right.” 

He is a firm believer in the dignity and innate honesty of human beings. However, he 
will not compromise with ignorance or duplicity 

He is an expert photographer and has made all of the illustrations for his various 


publications. He has developed a penchant for portrait photography of men— to the 


exclusion of the fair sex. This to me is a puzzling phenomenon. This avocation has brought 
him a most unusual distinetion. One of the subjects he photographed was a writer of 
detective stories and this author dedicated one of his later volumes to the photographer 

He is « gambler of sorts, as becomes all pioneers, Proof of this? He gambled a fifth of 
Old Crow on the outeome of one of his crucial experiments. I am unable to report why 
this particular vile brand was selected 

No man who ventures into the land of the unknown can avoid trying times. The 
manner in which such times of stress are met commonly reflect the credo of the man 
The credo of the man to whom we now pay honor is clearly stated in this, his typical 
reaction to a trying situation: “For the past twelve years my professional activities 
have been concerned largely with the search for substances which might prove of value 
in treating the tuberculous patient. In the course of these investigations my associates 
and I have received for study numerous substances from many individuals and pharma 
ceutical concerns I have been afforded complete freedom to conduct my research in 
the best tradition of an academie community. This I consider to be the sine qua non of 


my scientific endeavors.’ 
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This son has lived true to an old saying of his adopted State: “Colorado is a place 
where men are men and tubs sit on their own bottoms.’ 

Mr. President, on behalf of the Association and for most meritorious service in the 
field of tuberculosis, | will now present the Trudeau Medal to William H. Feldman, 
D.V.M., M.S., honorary DSc. and Professor of Comparative Pathology, Mayo Founda 
tion, Graduate School of the University of Minnesota 

Dn. Fecoman: This occasion, and anticipation of it, are and will be for my family 
and myself, a continuing source of heartwarming satisfaction. I have not exchanged 
views with previous recipients of this award, but my emotional response probably has 
been similar to that of my predecessors. It is a response of humility and deep appreciation 

To be given the Trudeau Medal places the recipient on a pinnacle of personal and 
professional achievement in the field of tuberculosis. This is a sobering and momentous 
thought; to occupy a pinnacle confers not only felicity but responsibility. It requires of 
the occupant appreciation and understanding of what has been accomplished by others 
For whatever we of today may have achieved, each of us is, in Tennyson's words, “the 
he of all the ages,”” indebted to those who, with courage, imagination, hope and self 
lexsness, made the first deposits in the account of our scientific legacy. So-called dis 
coveries, with few exceptions, are the development to fruition of earlier, and sometimes 
of very old, concepts, Knowing this, humility rather than arrogance and self-aggrandize 
ment provides priceless compensations which contribute abundantly to the joy of living 
and justify existence 

An obligation the award implies, which need not be emphasized to those of us who are 
teachers as well as investigators, concerns the graduate student. We must continue to 
instruct, guide, encourage, and stimulate those who aspire to share in the adventure of 
research and thus we insure to ourselves the stimulus of their eager vouth. This mutually 
rewarding relationship must be assiduously ourtured 

We who are recipients of this award must maintain our hope for a more nearly com 
plete solution of the problems of tuberculosis. We must weleome new concepts with 
optimism and submit them to fair and critical appraisal. Whether a new proposal proves 


valuable or worthless, never should we view a succeeding proposal with cynicism a 


pernicious, debilitating attitude and «a killer of dreams. We must be ever ready and 


willing to serve where our expenence and abilities can best be employed 

We must assume at least indirect responsibility for the conduct of proper public rela 
tions on the part of investigators. Unwittingly, investigators may assist in premature 
and inept announcements which appear to be newsworthy, but which are not in the best 
interests of the public, All of us have witnessed cruel disappointments following the 
sensational announcement of new and so-called miraculous substances that were hailed 
as the long-awaited means of salvation of the tuberculous patient 

When | was a boy in western Colorado, we relied for news of the world and of the 
nation on the weekly edition of the New York World. I recall vividly one issue in which 
considerable space was devoted to text and illustrations concerning Dr. Friedmann, of 
Friedmann vaccine fame. According to the story, he had arrived in New York from 
Kurope, bringing with him quantities of his “lifesaving” vaccine for the treatment of 
tuberculosis. The reception given this news by victims of the disease was overwhelming 
When, however, the results of the pseudoscientific fiaseo were finally appraised, all that 
remaimed were the tragedies of cruel disillusion 

Advances in medicine are admittedly newsworthy but sensational announcements 
based on inadequate evidence, or those released prematurely, may be responsible for 


incaleulable harm and are violations of a sacred trust. We are concerned here with human 
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frailty and the words of Sir William Osler are apropos: “With reason serence never parts 
company, but with feeling, emotion, passion what has she to do? They are not of het 
they owe her no allegiance If all this sounds pontifical, my excuse ts that the subject 
has been of concern to me for a long time and I could not resist the opportunity pro 
vided by this occasion to express my conviction frankly 


During the past few weeks, friends have shown a surprising curiosity how | became 


interested in tuberculosis. That the question should be raised just at this time is perhaps 
a commentary on the ability or lack of ability to keep secret those things that are con 
fidential. At all events, since this question may interest several in this auchence I am 
giad to furnish the answer 

I first became aware of the existence of tuberculosis when T was a 
For many vears the salubrous climate of 


youngster living in 


4 mountamous area of western Colorado 


Colorado had been considered highly beneficial to those affected with what in those days 


This idea became wideiy disseminated and, as a consequence 


was called “consumption 
’ The new 


large numbers of tuberculous patients came from the East to ‘'t ike the cure 
comers received a friendly welcome from the residents of the area and were not stigmatized 
because thev had tuberculosis. Many lived or at least slept in tents since an abundance 
of fresh. drv. mountain air was considered the basie ingredient of the cure. I remember 
several worthy people in this category in our community, Some died. Others eventually 


recovered and either returned to their previous homes in the East or remained perma 


nently in the area 


My mother looked on these unfortunate people with compassion. At times she sup 


phed toa seriously ill patient a bed on her front pre h. One vietim of consumption chied 


there. L also remember a neighbor, a rugged Scot, who had emigrated from Nova Seotia 


He frequently mentioned the prevalence of tuberculosis there and cited instances im 
which most. if not all, members of certain families had succumbed to the “White Plague.’ 


All of this made a lasting impression on me, although I did not expect, at that time, to 


spend a good part of my life on investigation of tuberculosis 
Subsequently, my training in veterinary medicine acquainted me with the importance 
of tuberculosis in cattle and with the threat of the bovine type of infection to human 


beings. I also became aware of the ubiquitous character of tuberculous infections and 


learned that many species are susceptible to both the human and bovine types of tuber: le 


bacilli 
During the time I was a member of the faculty 
the leading surgeon of the community was Dr. W. A Kiekland. He recognized 


of Colorado State College at Fort 


Collins 
the importance to the surgical patient of the frozen tissue tes hnique and he persuaded my 


chief. Dr. 1. KE. Newsom, a veterinary pathologist, to become skilled in the method. In 


due time, Dt 
On one oceasion when Dr. Newsom was out of the city, Dr. Kickland asked me to be 


Newsom became one of the team when Dr. Kickland operated 


present to make diagnosis by frozen section of a granulomatous lesion which he was 


six vears of age. This patient had been 
affected with pulmonary tuberculosis for the previous fourteen years Although [ was by 
I was able to make an acceptable st aned section 


going to remove from the tongue of a man thirt 


no means skilled in the procedure, 
After examination of the material, | was sure that it came from a tuberculous gr inulonin 
Parenthetically, I would not be so sure now. When appropriately stained paraffin sec 
tions were prepared, [ found acid-aleohol-fast bacillary formes within the substance of the 
lesion 

My interest aroused, I reviewed the literature and found that all who previous! hisacl 
studied the condition considered tuberculosis of the tongue to be of infrequent occurrence 
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Accordingly, I prepared photographs to illustrate an article which the late Dr. Frank B. 
Mallory accepted for the May, 1927, number of the American Journal of Pathology 
This was my first contribution on tuberculosis 

In 1927, when I joined the staff of the Mayo Foundation, facilities at the Institute of 
Experimental Medicine were available for the study of the comparative pathology of 
tuberculous infections. For nearly ten years, most of my time was occupied with in 
vestigation of naturally acquired, and experimentally induced, tuberculosis of animals 
Consequently, when the opportunity arose to investigate the possibility of combating 
experimental tuberculous infections by specific therapeutic substances, the laboratory 
and especially trained technicians already were at hand 

In this undertaking I was fortunate in having as full partner my good friend, Dr. H 
Corwin Hinshaw. Dr. Hinshaw had had experience in experimental methods and, in 
addition, as you well know, he was an astute student of clinical tuberculosis. Conse 
quently, when we started the investigation of chemotherapy of tuberculosis, we had a 
considerable background of experimentation and firsthand knowledge of the disease 
Most importantly, mutual understanding and cooperation made our work an exciting 
and pleasurable adventure 

Despite social and political upheavals, the past decade and a half have been a wonder 
ful time to be alive. This is particularly true for those concerned with the attack on 
microbial diseases 

The history of tuberculosis and other mycobacterial infections, such as leprosy, is 
illustrative of the slow and, at times, discouraging progress of man’s conquest of disease 
Although knowledge of disease is greatly exceeded by ignorance of it, encouragement 
and reassurance accompany the frustrations and the disappointments. The periphery of 
the mysteries of disease recedes with each passing generation 

Some pronouncements to the contrary notwithstanding, science is still the dependable 
servant of mankind. The overly dramatized announcement recently accorded the results 
of the vaccine battle against poliomyelitis and the unfortunate confusion which has 
characterized the aftermath of this announcement do not in any way detract from the 
triumph of those who with faith and persistence have brought the problem of active 
immunization against poliomyelitis closer to solution. The encouraging results of the 
work of Dr. Salk and his associates, however, are only the most recent of a long list of 
notable advances against infectious diseases, One after another these diseases have fallen, 


and although you know them, let us for a moment gloat over the names of the van 


quished; smallpox, whooping cough, diphtheria, malaria, typhoid fever, tetanus, bubonic 


plague, rickettsial diseases, and yellow fever. When Domagk observed the antibacterial 
capacity of Prontosil”, and Florey and Chain resurrected Fleming's penicillin from the 
obseurity of a medical library, the renaissance of modern chemotherapy had begun. The 
magnitude of these contributions to human welfare is incalculable 

The tuberculosis patient, who is more the immediate concern of us who are here, also 
has benefited significantly. Despite the failures of the past, the belief persisted that all 
microbial life, including the tubercle bacillus, was potentially vulnerable in rive to the 
deterrent or destructive action of the proper chemical substance. In view of the long 
search for an antituberculosis substance of practical usefulness, the announcement in 
1044 of the discovery of streptomycin by Schatz, Bugie, and Waksman was epochal in 
the history of medicine. This was the first relatively safe antimicrobial substance that 
was capable of exerting a markedly suppressive effect on tuberculous infections in the 
experimentally infected animal and when used clinically in human beings. These results 
provided considerable impetus to tuberculosis research throughout the world 
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When the limitations of streptomycin hecame evident, several additional antituber 
culous substances were added to the rather limited armamentarium of the phthisiologist 
While these newer drugs have not replaced streptomycin, their availability for use, either 
alone or in combination with streptomycin, has proved to be the basis of a definite thera 


peutic advance 


Whether or not the final conquest of tuberculosis ever can be accomplished by chemo 


therapy, surgery, and the best of medical regimens is unpredictable Tuberculosis pre 
sents many enigmas and, before chemotherapy is completely successful, much must be 
learned about the host-parasite relationship. To penetrate the mysteries of this or any 
other complex biological problem, the investigator must have an agile imagination, 4 
program, sound basic training, the capacity for arduous work, freedom to develop one’s 
native resources, and financial support not for a year but for a period of years 

All research is expensive and this is especially true of investigations in the field of 
tuberculosis. Fortunately, in the past and for the present, the American public has made 
available, annually, large sums of money for research. These sums have been supple 
mented and exceeded by funds from the drug and pharmaceutical industry and from the 
Federal Government. How much of the yearly total from all sources is allocated for 
research in tuberculosis, I do not know. I do have information that the ten largest and 
most progressive pharmaceutical firms in America spend approximately $50,000,000 an 
nually for research and that one of these ten concerns is currently spending for research 
in tuberculosis alone the rather impressive amount of $250,000 annually. Evidently, 
industry is not convinced that the problems of tuberculosis have been solved 

If the final victory over tuberculosis is to be achieved, the gains made must be zealously 
guarded; there must be no slackening of the attack, no contentment or complacency be 
cause of previous accomplishments. Rather, there is required a restless urge to get on 
with the task. With insight, optimism, and a winning way with Lady Luck, it is reason 
able to expect that the mystenes of tuberculosis will be resolved 

Anyone who has engaged in laboratory research for any length of time soon becomes 
conscious of the debt of gratitude due his professional and nonprofessional associates. To 
acknowledge this obligation and express appreciation to those who through the years 
contributed so unselfishly to the advancement of my numerous investigational projects 
is indeed a genuine pleasure. Throughout my years in research | have been fortunate in 
having professional associates who were exceptionally capable. They had enthusiastic 
persistence, the insight and the capacity to think adventurously, and were not averse 
to work. Most importantly, they were able to function effectively as members of a team 
Those to whom I am particularly indebted, and for whose collaboration I express warm 
appreciation, are my good friends, Dr. H. Corwin Hinshaw, whom I have already men 
tioned, Dr. Karl H. Pfuetze, and Dr. Alfred G. Karlson. Appreciation is also due the 
Mavo Foundation and the Mayo Clinic for providing generously, over many years, 
facilities for the conduct of our investigations. | want particularly to thank Dr. F.C 
Mann, former Director of the Institute of Experimental Medicine, Mayo Foundation, 
for his understanding, his wise counsel, and his disposition to allow us complete free 
dom in the conduct of our investigations. Lastly, a tribute is due our loyal and depend 


able technicians, without whose assistance our work could not have been accomplished 
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The Award of the Will Ross Medal for 1954 
The Will Ross Medal for 1964 was awarded to Frederick D Hopkins at the annual meet 


ing of the National Tuberculosia Association, held in Milwaukee, Wisconsin. Vay 22-27, 
1965. The presentation waa made by Dr. Alton S Pope 

Dn. Pork: The Will Ross Medal is in a broad sense a recognition of the multiple 
causation of tuberculosis. While recognition of the tubercle bacillus and our increasing 
knowledge of its life history hold their essential place in tuberculosis control, we have 
increasingly come to recognize the importance of the environmental factors which affect 
both the organism and ite human host. In fac t, the role of such factors was accepted by 
our founders by the inclusion of education of the public as one of the major objectives 
of the new Association. So while physicians and scientists have advanced our medical 
knowledge of the disease and its causation, an equally devoted group has been building 
up 4 nation-wide organization for the dissemination of that information and its effective 
applic ation 

It was in commemoration of a great leader in that field that the Will Ross Medal was 
established. It is for that type of outstanding, devoted service in the conquest of tuber 
culosis that the award is made 

Today we are apt to take for granted the well-organized, smoothly functioning volun 
tary health association which makes it so easy to muster public support for demonstrated 
health needs. In 1915, The National Association for the Study and Prevention of Tuber 
culosis was still far from its present mature, effective state. The objectives had been 
clearly stated, inspired leaders had blazed the way, but much of the detail of organiza 
tion and the coordination of the work of existing state and local agencies was yet to be 
worked out 

It may seem repetitious to remind you of such accomplishments as the development 
of our field organization, the replacement of family relief with educational programs, the 
coordination of the work of the Asse iation with that of the official health agencies, and 


participation in the development of the International Union Against Tuberculosis, both 
as a contributor and as a recipient. These are all milestones in the growth of the National 


Tuberculosis Association. In all of these developments and many others our recipient 
has been to a unique extent the unseen catalyst, seldom appearing but contributing silently 
and effectively to the increasing momentum of the tuberculosis control movement 

If it appears that his accomplishments have been swallowed up in those of the Associa 
tion, it is because his career has been inseparable from the objectives of that organization 
in which he has played such a vital role. His personality is so well known to you all that 
any personal tribute would seem superfluous. His tact and his modesty are reflected in the 
countless friendships which bind us to him as a man. For his accomplishments, above 
and beyond the call of duty, the National Tuberculosis Association presents to Frederick 
Dan Hopkins the Will Ross Medal for 1955 

Mr. Horkins: Since Dr. Pope wrote me a few weeks ago to advise me of the action 
of the Committee, my mind has been filled with thoughts of the past and with growing 
recognition of my inability to express any suitable thanks for this high honor 

For forty years I have had one of the greatest satisfactions participation in the 
voluntary tuberculosis movement in the United States. I wish to express again, as I have 
many times, the debt that T owe Philip P. Jacobs for inducing me to join the staff of 
the National Tuberculosis Association in 1915 

Almost everything that has been undertaken in the National office has been a joint 
activity and therefore anything for which I may have been given credit has been aided 
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or influenced by many others. In my early work in the field [I can testify to the same 


preponderance of joint effort. So many people made such valiant efforts to keep me 


from making mistakes. Then, too, I had the privilege of working undet the leadership 
of four outstanding managing directors, Dr. Charles J. Hatfield, Dr. Linsly R. W illiames, 
Dr. Kendall Emerson, and Dr. James E. Perkins, whose advice, forbearance ind at 


times gentle restraint, made possible accomplishments that otherwise would have been 


impossible 

The executive office has always had such fine working relationships with the Board of 
Directors that. as I look back on events, I have the feeling that no national voluntary 
agency in the health or welfare field has been so fortunate in its policy-making bod) 

It is most pleasing to me that the name and likeness of Will Ross are on the medal 
When Will Ross left us I was among those who urged that his name should be preserved 
in some way so that it might be known to those who came later. It is a special honor to 
receive this award in Milwaukee, the home of Will Ross. He was a distinguished citizen 
of this city and in the business world was favorably known and respected nationally, He 
devoted time and effort over a long period of years to the voluntary tuberculosis move 
ment on a local, state, and national basis His influence on the work of the NTA ts shown 
in the reports of many committees, the Board of Directors, the Executive Committee 
and the program of the Association during his presidency. He was powerful in discussion 
and debate: his words were few but always well chosen and persuasive, and h.. timing 
was perfect. Far more than this and perhaps of equal importance were his glowing per 
sonality, his vast knowledge of the disease based on his personal struggle with it, and 
his many letters and conversations that affected the course of events 

The Will Ross Medal, and the Memory Books that you gave me in 1951] will always 


be my most treasured possessions. Once again, I thank you 
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7. is the first book devote de reluswely to 
this subject, based on American expert 
ence, in fifteen years! Dr. Forsee has written 
a full and authoritative presentation of the 
advances in surgery of pulmonary tubercu 
losis since the advent of streptomycin and 
other antibiotics. His book reflects the com 
pletely altered treatment of the disease and 
brings to an immediate realization the long 
sought goal of the effective surgical removal of 
Fully 


tuberculous lung tissue authoritative 


throughout 


208 Pages. 59 Illustrations, 1 in Color 
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ew Book. This clinical work is one of the 
N first on the subjeet since the introduc 
tion of the newer antibioties. Emphasis is 
on diseases of the chest, with special atten 
tion paid to tuberculosis, the pneumonias, 
asthma, bronchial obstruction, tumors, eat 
cinoma, pulmonary mycoses, and other per 
tinent subjects. Diagnosis is emphasized, 
with stress on the five component parts of a 
complete medical diagnosis. Special atten 
tion is paid to treatment, pathology, the 
clinical picture, and special problems which 
arise frequently 
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impressive about DIONOSIL is the fine way it 
does its job: then gets out fast 


Lung fields become radiologically clear a few days after 
a Dionosil bronchogram. In that brief span the radiopaque 
is completely absorbed into the blood stream 
and excreted in the urine. No free iodine is liberated in the 
process; there is no risk of iodism. It is easily administered 
by instillation or intubation. Bronchi are outlined rather than 
solidly filled, the shadows persisting for at least thirty 
ASK FOR BROCHURE “Bronchography 


minutes allowing ample time for examination. with Diencell”"—enetheds fer instilietion 
and intubation—patient posturing, radio- 
All of which is why Dionosil is rapidly becoming the graphic technic, etc. Profusely illustrated 


with plates and diagrams. Available from 


bronchographic medium of choice among radiologists who local 
have used or have seen it used. 


DIONOSIL 


new and superior contrast medium 
for bronchography 


Available in two forms: DIONOSIL, an aqueous suspension 
(iodine content about 30%) and DIONOSIL OILY, a sus- 
in arachis oil (iodine content about 34%) of propyl- 
* a product of Glaxo Laboratories, Ltd., British 
ceutical house of world repute. 
“n-propyl ester of dilodo-4-pyridone-N-acetic acid 
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Tue vse of trypsinized red cells in Rh determinations has 
improved both the sensitivity and specificity of the test making 
the direct procedure as reliable as the more involved indirect 
antiglobulin tests. Trypsin treated erythrocytes favorably in- 
fluence the determination of the A, B, S, Le, Le> and P factors 
as well as providing a more sensitive cell suspension for virus 
hemagglutination studies. 


Bacto-Trypsin 1% for Hemagglutination 
is a carefully standardized soluble Trypsin for conditioning 
erythrocytes for Rh determinations and other hemagglutination 
tests. Bacto-Trypsin 1% for Hemagglutination is reconstituted 
by the addition of Bacto-Hemagglutination Buffer solution, 
yielding a sparklingly clear solution equivalent in tryptic activity 
to a | per cent solution of Trypsin, Difco 1:250. 


Bacto-Hemagglutination Buffer 
rehydrated with distilled water is recommended for the prepara- 
tion of isotonic buffered saline for use in hemagglutination 
studies, especially for reconstituting Bacto-Trypsin 1% for 
Hemagglutination and for suspending and washing erythrocytes 
preparatory for hemagglutination. 


These reagents are supplied in companion packages con- 
taining 6 vials (10 ml.) of Bacto-Trypsin 1% and 6 vials of 
Bacto-Hemagglutination Buffer each sufficient for preparing 
1000 ml. of buffered saline. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
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DiFco LABORATORIES 
DETROIT 1, MICHIGAN 


IN TUBERCULOSIS CHEMOTHERAPY 


nique 


Buffered 
PARASAL” 


minimizes G.I. upset caused by 
ordinary P.A.S. preparations 


Better tolerance, reports the tablets (see table). 
VA. “There seems to be Hence, Buffered PARASAL 


better patient tolerance of is more economical and 
this preparetion than any convenient. 
Compotible with INH or SM. 
Buffered PARASAL is «@ 
More effective. All Buffered safe and effective link for 
 PARASAL products are PAS-INH, PAS-SM ther- 
made from fresh domestic apy. 
assure strict qual’ Mointoined Therapeutic 
dependability. bleed levels from 1 to, at 


least, 6 
33'4% fewer tablets. 
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tablets 0.5 Gm. replace 24 geriatric patients and those 
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20 mg. ISONIAZID PANRAY.® 


@ PARASAL SODIUM tablets, 0.69 Gm. (sod. PAS.). 
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